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ABSTRACT 

This  document c o n s t i t u t e s  a p o r t i o n  of t he  f i n a l  r e p o r t  under c o n t r a c t  
NAS 1-6971, O r b i t i n g  Experiment f o r  study o f  Extended Weight lessness ,  f o r  the 
Langley Research Center ,  National Aeronautics and Space Adminis t ra t ion,  
Hampton, V i r g i n i a .  The fol lowing 6 documents comprise the  t o t a l  r e p o r t :  

NASA CR-66507 Volume I Summary 

NASA CR-66508 Volume I1 System D e f i n i t i o n  

NASA CR-66509 Volume I11 Spacec ra f t  Prel iminary Design 

NASA CR-66510 Volume IV Laboratory Test Model 

NASA CR-66511 Volume V Program P lans  

NASA CR-66512 Volume VI O r b i t i n g  Primate Spacec ra f t  
App l i ca t ions  

This  r e p o r t  summarizes the  r e s u l t s  of a d e f i n i t i o n  study of a s p a c e c r a f t  
system t o  suppor t  two p r ima tes  i n  unattended, we igh t l e s s ,  e a r t h - o r b i t a l  f l i g h t  
f o r  extended pe r iods  o f  t i m e .  The experiment i s  planned a s  p a r t  of the Apollo 
App l i ca t ions  Program; t h e ' s p a c e c r a f t  launched a s  a LEM s u b s t i t u t e  on an AAP 
f l i g h t ;  t h e  p r ima tes  r e c w e r e d  by Astronaut EVA on a l a t e r  f l i g h t  and r e tu rned  
t o  e a r t h  i n  r e t r i e v a l  c a n i s t e r s  w i t h i n  the Command Module. I n t e n s i v e  pos t -  
f l i g h t  examination is planned t o  a s c e r t a i n  even s u b t l e  phys io log ica l  changes 
i n  the  pr imates  due t o  t h e i r  extended exposure t o  we igh t l e s sness .  The s tudy 
inc ludes  d e f i n i t i o n  of mission p r o f i l e  and Apollo Applicat ions Program i n t e r -  
f aces ,  prel iminary design o f  t h e  spacec ra f t ,  and planning f o r  subsequent 
phases o f  t h e  program. 
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INTRODUCTION 

The d e s i g n  of t h e  Orb i t ing  Primate Spacecraf t  provides  t h e  type of s e r v i c e s  
and thermal c o n t r o l  t h a t  would be r equ i r ed  by many o r b i t a l  experiments.  These 
s e r v i c e s  inc lude  a t t i t u d e  c o n t r o l ,  power, data  handl ing,  environmental  c o n t r o l  
and thermal c o n t r o l .  I n  o rde r  t o  determine t h e  v e r s a t i l i t y  of t h i s  des ign  t o  
perform a d d i t i o n a l  a p p l i c a t i o n s ,  a number of p o s s i b l e  experiments were exam- 
ined i n  some d e t a i l .  The s e l e c t i o n  of t h e  experiments examined w a s  not  intended 
as a recommendation or  e v a l u a t i o n  of s c i e n t i f i c  m e r i t  but  as a means f o r  
making a r e a l i s t i c  assessment of t h e  e f f e c t  of o the r  experiment requirements  
on the  s p a c e c r a f t  design.  

Areas examined i n  d e t a i l  f o r  extended use were: 

(1) Performance of a d d i t i o n a l  experiments t o g e t h e r  w i th  t h e  p r i m e  e x p e r i -  
ment o f  two primates i n  unattended, extended du ra t ion ,  ze ro  g r a v i t y  e a r t h  
o r b i t .  

(2) Performance of o t h e r  b i o l o g i c a l  experiments i n  place of t h e  prime 
experiments of two p r i m a t e s  i n  unattended, extended du ra t ion ,  z e r o  g r a v i t y  
e a r t h  o r b i t .  

(3) Appl i ca t ion  o f  t h e  primate spacec ra f t  o r  i t s  systems i n  connect ion 
wi th  an o r b i t i n g  l abora to ry .  

t i a l ,  as an o r b i t i n g  bus, f o r  accept ing and support ing a broad spectrum of 
experiments ranging from engineer ing development tests of f u t u r e  hardware 
des igns  t o  s c i e n t i f i c  experiments i n  t h e  phys ica l ,  p l a n e t a r y ,  and l i f e  sc i ences  
d i s c i p l i n e s .  

The s tudy revealed t h e  Orb i t ing  Primate Spacec ra f t  has cons ide rab le  poten-  

O r b i t i n g  Primate Spacecraf t  Desc r ip t ion  

3 The O r b i t i n g  Primate Spacec ra f t  i s  a f u n c t i o n a l l y  i n t e g r a t e d  u n i t  designed 
f o r  use i n  t h e  SAA program a s  an LEM companion o r  LEM s u b s t i t u t e  payload on 
manned o r  unmanned v e h i c l e s  with a s e l f  s u s t a i n i n g  c a p a b i l i t y  of s i x  months t o  
one yea r .  

E x t e r n a l  c o n f i g u r a t i o n ,  - As shown i n  f i g u r e s  1 and 2, t h e  s p a c e c r a f t ,  
which w i l l  weigh approximately 5,000 pounds, c o n s i s t s  of a p r e s s u r i z e d  c y l i n -  
d r i c a l  upper s e c t i o n  jo ined  t o  an unpressurized oc tagona l  lower s e c t i o n .  The 
s i d e s  and t o p  o f  t h e  c y l i n d e r  form one removable u n i t ,  f l ange  mounted a t  a 
s e a l e d  j o i n t  t o  the  bulkhead t o  form t h e  bottom o f  the  c y l i n d r i c a l  s e c t i o n  o f  
t h e  s p a c e c r a f t .  The octagonal  lower sec t ion  c o n t a i n s  most of t h e  subsystem 
equipment. The f l a t  panels  forming the  s ides  of t h e  octagonal  s t r u c t u r e  
s e r v e s  a s  bases  and h e a t  s i n k s  f o r  e l e c t r o n i c  equipment mounted t o  i n t e r i o r  
s u r f a c e s ,  A 20 by 20 inch s e a l a b l e  door provides access  t o  t h e  p re s su r i zed  
a r e a  f o r  i n s e r t i n g  the  primate o r  maintenance of t he  l i f e  c e l l .  Meteoroid 
s h i e l d i n g  pane l s  backed w i t h  thermal i n s u l a t i o n  a r e  a t t a c h e d  t o  t h e  e x t e r n a l  
s t r u c t u r a l  s t r ingers ' .  I n  add i t ion ,  the thermal c o n t r o l  subsystem r a d i a t o r  i s  
mounted t o  t h e  e x t e r n a l  v e r t i c a l  s t r i n g e r  and covers  an a r e a  of t h e  c y l i n d r i -  
c a l  s e c t i o n  approximately e l even  inches i n  width and extends completely around 
the  circumference;  thereby supplementing the meteoroid s h i e l d i n g  and i n s u l a -  
t i o n  i n  t h i s  region.  
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Figure 2. - Spacecraft configuration in deployed position 

F o u r , t u b u l a r  t r u s s  assemblies  a r e  u t i l i z e d  t o  mount t h e  s p a c e c r a f t  t o  t he  
ATM, LMSS o r  o t h e r  appropr i a t e  s t r u c t u r e s  i n  t h e  SLA a r e a  of t h e  Apollo Launch 
Vehicle .  These a t t a c h  p o i n t s  a r e  separated py ro techn ica l ly  following docking 
o f  t h e  s p a c e c r a f t  and command module. 
l o c a t e d  on the  upper bulkhead of the spacec ra f t ,  con ta ins  an LEM type drogue 
which engages wi th  t h e  command module probe du r ing  t h e  docking ope ra t ions .  
The p r i m a t e  recovery capsule  i s  a l s o  mounted on the upper bulkhead t o  f a c i l i -  
t a t e  removal du r ing  e x t r a  v e h i c u l a r  a c t i v i t i e s .  I n  t h i s  p o s i t i o n ,  t h e  capsule  
can be e a s i l y  reached by the a s t r o n a u t  s tanding i n  an open hatch i n  the  command 
module. I n  a d d i t i o n ,  a v i s u a l  docking a i d  f o r  use during t h e  docking maneuver 
and the  s p a c e c r a f t  s t a t u s  monitoring panel a r e  v i s i b l e  on the upper bulkhead 
from t h e  command module window. 

To f a c i l i t a t e  docking, a docking c o l l a r ,  

Five f lush-mounted t e l e v i s i o n  antennas, fou r  mounted 90" a p a r t  around the  
pe r iphe ry  and one of which i s  mounted on the  top  bulkhead a r e  located on the  
top  s e c t i o n  of the s p a c e c r a f t .  A boom mounted and deployable communications 
antenna i s  a l s o  located on the  upper bulkhead. The deployed antenna i s  pos i -  
t i o n e d  t o  e l i m i n a t e  any i n t e r f e r e n c e  between the  s p a c e c r a f t  and the  command 
module du r ing  docking. 
antenna a r e  mounted a t  the bottom end of t he  s p a c e c r a f t .  

I n  a d d i t i o n ,  a t e l e v i s i o n  antenna and a communications 
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The octagonal shaped end of t he  s p a c e c r a f t  mounts t h e  four  paddles  which 

form t h e  s o l a r  a r r a y .  A s  shown i n  f i g u r e  1, t h e  a r r a y  pane l s  f o l d  over a g a i n s t  
t h e  bottom s p a c e c r a f t  s u r f a c e  i n  t h e  stowed p o s i t i o n  with t h e i r  shape confotm- 
i n g  wi th  the octagonal  o u t l i n e  of t h e  bulkhead t o  f a c i l i t a t e  stowage. 
2 d e p i c t s  t h e  s o l a r  a r r a y  i n  t h e  deployed cond i t ion  wi th  t h e  a c t i v e  area f a c i n g  
away from t h e  s p a c e c r a f t .  Two more antennas are mounted a t  t h e  end of t h e  
s p a c e c r a f t  - - an  a d d i t i o n a l  t e l e v i s i o n  antenna,  c e n t r a l l y  loca t ed  on t h e  bo t -  
tom surface,  and a communication antenna s i m i l a r  t o  t h e  one mounted a t  t h e  
o p p o s i t e  end. 

F igu re  

I n t e r n a l  conf igu ra t ion .  - Two major i n t e r n a l  areas comprise t h e  i n t e r i o r  
of t h e  s p a c e c r a f t  as shown i n  f i g u r e  2:  
c y l i n d r i c a l  s e c t i o n  and the  unpressurized octagonal  s e c t i o n  below which con- 
t a i n s  most o f  t he  support  subsystems. 

The p res su r i zed  volume w i t h i n  t h e  

The pressurized p o r t i o n  of t h e  s p a c e c r a f t  con ta ins  two l i f e  c e l l s  t o  
accommodate t h e  p r i m a t e s .  
approximately one inch  of space between them, 
e x t e r n a l l y  t o  the  l i f e  c e l l s  include:  t e l e v i s i o n  cameras, waste dev ices .  
The environmental c o n t r o l  equipment i s  a l s o  mounted wi th in  the  p re s su r i zed  
s e c t i o n  and i n t e r f a c e s  d i r e c t l y  wi th  t h e  waste management assembly. The 
fol lowing major u n i t s  of environmental  c o n t r o l  equipment are loca ted  i n  t h e  
p re s su r i zed  area: a i r  f i l t e r s ,  condensers,  evaporat ion,  primary and secondary 
f a n s ,  and a c a t a l y t i c  bu rne r ,  

The two l i f e  ce l l s  are loca ted  s i d e  by s i d e  wi th  
The major equipment a t t a c h e d  

E l e c t r o n i c  subsystems elements as w e l l  as the  expendables o t h e r  than food, 
which are s to red  i n  t h e  Feeder,  are loca ted  i n  t h e  unpressurized,  lower oc t ag -  
o n a l  s e c t i o n  of t h e  s p a c e c r a f t .  
i n  t h i s  area c o n s i s t s  p r i m a r i l y  o f :  n i t r o g e n  and oxygen cryogenic s t o r a g e  
tanks,  hea t  exchanger between primary and secondary thermal loops,  coo lan t  
pump, accumulator, c o n t r o l  module, gas ana lyze r ,  and l i t h i u m  hydroxide. The 
l o c a t i o n  of t h e  l i t h i u m  hydroxide u n i t  i s  a l s o  inf luenced by i t s  need f o r  a 
thermal input which can b e s t  be obtained through the  s p a c e c r a f t  s u r f a c e  f a c i n g  
t h e  sun. Therefore,  the lower end of t he  l i t h i u m  hydroxide con ta ine r  forms 
p a r t  of the s o l a r  o r i e n t e d ,  bottom s u r f a c e  o f  t he  s p a c e c r a f t .  

The environmental  c o n t r o l  equipment loca t ed  

Subsystem Summary 

The subsystems which comprise t h e  s p a c e c r a f t  have been broken down i n t o  
t h e  following f u n c t i o n a l  areas : 

(1) L i f e  Support 

(2)  Thermal Control 

(3 )  S t r u c t u r e  and Mechanical 

( 4 )  Instrumentat ion 

(5) Telemetry 

( 6 )  Command and Control 

(7)  E l e c t r i c  Power and Cabling 

(8) At t i t ude  Control 

D e t a i l e d  d e s c r i p t i o n s  of t h e s e  subsystems are presented i n  Volume I11 of 
t h i s  r e p o r t .  
ment and i n t e r f a c e s  between subsystems i s  shown i n  f i g u r e  3.  

An o v e r a l l  system block diagram i n d i c a t i n g  t h e  f u n c t i o n a l  equip-  
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ENG INE ER ING EXPERIMENTS 

In t roduc t ion  of a d d i t i o n a l  engineer ing  experiments  i n t o  t h e  e x i s t i n g  
Orb i t ing  Primate Spacecraf t  (OPS) des ign  c e n e t e r s  around t h e  d e s i r e  t o  u t i l i z e  
t h e  v e r s a t i l e  c a p a b i l i t i e s  of such a s p a c e c r a f t  and t o  e v a l u a t e  and improve 
t h e  performance of t h e  l i f e  support  equipment by: 

(1) Reducing component weights  t o  a minimum. 

(2)  Reducing expendable material  weights  t o  a minimum. 

(3) Increas ing  mission l i f e t i m e .  

(4 )  Increasing system r e l i a b i l i t y .  

(5) Increas ing  t h e  c o s t  e f f e c t i v e n e s s  of t h e  program. 

( 6 )  I n s t a l l i n g  ECS components i n  p a r a l l e l  loops i n t o  t h e  p r e s e n t l y  d e -  
s igned L i fe  Support  System, t o  o b t a i n  des ign  and performance d a t a  under long 
t e r m  weight less  cond i t ions  whi le  t h e  system i s  a c t i v e l y  suppor t ing  two p r i m a t e s  
f o r  one year.  

Addit ional  engineer ing  experiments  t h a t  could be flown toge the r  w i t h  t h e  
prime experiment and i t s  support  equipment have been reviewed and t h e  fo l low-  
ing have been s e l e c t e d  a s  candida te  examples. 

(1) Active CO management system c o n s i s t i n g  of 

(a) CO concen t r a t ion  u n i t  ( Z e o l i t e  bed) .  

(b) 

2 

2 

C02 r educ t ion  u n i t  (Bosch r e a c t o r  a long w i t h  t h e  p o s s i b l e  i n -  
c l u s i o n  of a S a b a t i e r  r e a c t o r  a s  backup).  

(c) Water e l e c t r o l y s i s  u n i t  used t o  conver t  t h e  H 0 byproduct of 2 
2 '  t h e  CO r educ t ion  u n i t  i n t o  0 and H 

2 2 

(2)  Waste water  recovery u n i t .  

(3)  W / I R  Gas Analyzer u n i t .  

( 4 )  Atmospheric contaminant a n a l y s i s  experiment.  

Any o r  a l l  of t h e  above l i s t e d  s i x  experiments  can  be added t o  t h e  e x i s t -  
ing OPS environmental  c o n t r o l  and waste management system, f i g u r e  4 ,  i n  such 
a manner tha t  f a i l u r e  of any o r  a l l  of t h e  experiments  would no t  endanger t h e  
prime experiment. I n  a d d i t i o n ,  two o r  more of t h e s e  experiments  can be oper -  
a t e d  s imultaneously f o r  extended pe r iods  of t i m e .  

6 VOL VI 
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CO Management System 2 

The following i s  a b r i e f  d e s c r i p t i o n  and performance summary of t h e  f i r s t  
candida te  engineer ing  experiment.  
con ta ins  th ree  separate dev ices ;  however, they  w i l l  be d i scussed  under a s i n g l e  

The a c t i v e  C 0 2  management system a c t u a l l y  

heading, s ince  each c o n t r i b u t e s  t o  t h e  a c t i v e  c losed  loop management of CO 2'  

CO Concentrat ion Unit .  - This  u n i t  i s  b a s i c a l l y  a regenerable  C02 absorp-  2 
t i o n  device.  Th e p re sen t  Orbi t ing  Primate Spacec ra f t  (OPS) C02 management 
equipment c o n s i s t s  of LiOH c a n i s t e r s  t h a t  absorb and hold t h e  CO as it is  2 generated by the  animals.  Since t h e s e  c a n i s t e r s  cannot be r egene ra t ed ,  t h e i r  
weight and volume requirements  are d i r e c t l y  p r o p o r t i o n a l  t o  t h e  l eng th  of t h e  
mission.  The candida te  C 0 2  concen t r a t ion  u n i t  c o n s i s t s  of two Z e o l i t e  beds and 
two s i l i c a  g e l  d e s i c c a n t  beds along wi th  t h e  r equ i r ed  pumps and plumbing. F ig -  
u re  5 shows a s i m p l i f i e d  schematic of t h e  system. The u n i t  p rocesses  a p o r t i o n  
of t h e  cabin air  through one d e s i c c a n t  bed t o  f i r s t  remove mois ture  and through 
one Zeo l i t e  bed t o  absorb CO . While t h i s  i s  i n  p rogres s ,  t h e  second d e s i c c a n t  
bed i s  being d r i e d  and t h e  szcond Z e o l i t e  bed i s  being desorbed of C 0 2 .  
C02 removed dur ing  deso rp t ion  i s  s t o r e d  i n  an  accumulator f o r  use e i t h e r  i n  a 
C02 reduct ion  u n i t  o r  dumped t o  space vacuum. A f t e r  a p resc r ibed  pe r iod  of 
t i m e ,  t h e  desorbed beds are switched from d e s o r p t i o n  t o  abso rp t ion  and t h e  ab-  
so rb ing  beds are placed on a deso rp t ion  c y c l e  thereby  provid ing  c o n s t a n t  CO 
c o n t r o l .  

The 

2 

Waste hea t  from t h e  OPS L i f e  Support  System can  be used dur ing  normal u n i t  
o p e r a t i o n  t o  cond i t ion  t h e  beds t o  t h e  proper  ope ra t ing  temperature ,  and s t o r -  
age b a t t e r y  s o l a r  c e l l  power i s  used f o r  a monthly h igh  temperature  Z e o l i t e  
bed purge.  

Table  1 p r e s e n t s  a gene ra l  summary of t h e  CO concen t r a t ion  u n i t  experiment 2 and i t s  e f f e c t s  on t h e  OPS des ign .  

C02 Reduction Unit .  - This  u n i t  i s  a chemical r e a c t o r  i n  which n e a r l y  pure  
i s  r eac t ed  w i t h  hydrogen t o  produce water and e i t h e r  carbon or  methane gas .  CO 

I f  carbon is  formed, t h e  r e a c t i o n ,  named t h e  Bosch process ,  produces t h e  fo l low-  
ing chemical r e a c t i o n :  

2 

C 0 2  + 2H -2H20 + C 2 

Figure  6 shows a s imple block diagram of t h e  Bosch r e a c t i o n .  The H r equ i r ed  
f o r  t h e  r e a c t i o n  i s  suppl ied  from a water e l e c t r o l y s i s  c e l l  which i n  t u r n  uses  
t h e  water byproduct of  t h e  C 0 2  r e d u c t i o n  u n i t .  

a c t i o n ,  called t h e  S a b a t i e  process ,  produces t h e  fo l lowing  chemical r e a c t i o n :  

2 

I f  on the  o the r  hand t h e  chemical r e a c t i o n  produces methane gas ,  t h e  re- 

C 0 2  + 4H2-CH4 2H20 
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Figure 7 shows a s imple b lock  diagram of t h e  S a b a t i e r  r e a c t i o n .  A s  wi th  
t h e  Bosch r e a c t i o n ,  t h e  H 
which i n  t u r n  uses  t h e  wager byproduct of t h e  C 0 2  r e d u c t i o n  u n i t .  

r e q u i r e d  i s  suppl ied  from a water e l e c t r o l y s i s  c e l l  

Table 2 p re sen t s  a summary of  t h e  CO r educ t ion  u n i t  which c o n s i s t s  of  
2 bo th  a Bosch r e a c t o r  and a backup S a b a t i e r  r e a c t o r .  

Water e l e c t r o l y s i s  u n i t .  - This  device  c o n s i s t s  of a r e a c t o r  t h a t  conve r t s  
water i n t o  H and 02 .  The p a r t i c u l a r  u n i t  s e l e c t e d  uses  t h e  double  membrance 
concept ,  a water  H2SO4 e l e c t r o l y t e  and p la t inum b lack  e l e c t r o d e s .  
shows the  b a s i c  c e l l  l ayout  and f i g u r e s  6 and 7 show how t h e  water e l e c t r o l y s i s  
u n i t  i s  in t eg ra t ed  i n t o  t h e  C 0 2  management system. 
of a proposed f l i g h t  u n i t .  

2 Figure  8 

Table  3 p r e s e n t s  a summary 

Waste water recovery u n i t .  - The waste water recovery u n i t  proposed as a 
f l i g h t  experiment c o n s i s t s  of a n  a i r  d r i e d  wick evapora tor ,  an  a i r  loop h e a t e r ,  
a condenser and a water s e p a r a t o r .  F igu re  9 d e p i c t s  a b lock  diagram of t h e  
system wi th  the  evaporator  being fed  from t h e  OPS l i q u i d  waste condenser ,  and 
t h e  recovered water  being s t o r e d  i n  e x i s t i n g  OPS tankage.  Table  4 p r e s e n t s  a 
summary of t h e  u n i t  as proposed f o r  l i g h t  onboard t h e  OPS. 

W/IR g a s  ana lyzer  system. - This  experiment provides  a redundant method 
f o r  determining t h e  concen t r a t ion  of t h e  p r i n c i p a l  a tmospheric  gases  w i t h i n  
t h e  environmental  system. The presence  of two d i f f e r e n t  g a s  sensor  systems, 
each  opera t ing  on v a s t l y  d i f f e r e n t  p r i n c i p a l s ,  p rovides  a check on both  systems; 
i n  add i t ion ,  t h e  output  of bo th  systems may i n d i c a t e  i f  some unforeseen sub- 
s t a n c e  i s  in f luenc ing  t h e  output  of one sensor .  

The W/IR Gas Analyzer System senses :  (1) t h e  concen t r a t ion  of CO by 
t h e  absorp t ion  of I R  energy i n  a sample o p t i c a l  c e l l ,  (2) t h e  concent rag ion  
of 02 and H20 by t h e  abso rp t ion  of W energy i n  a sample o p t i c a l  c e l l ,  and 
(3) t h e  concent ra t ion  of N2 by measuring t h e  t o t a l  gas  p r e s s u r e  and s u b t r a c t -  
ing  t h e  p a r t i a l  p re s su res  of CO and H 0. 2’ O2’ 2 

A block diagram of t h i s  u n i t  i s  shown i n  F igure  10. The bolometer i s  t h e  
I R  d e t e c t o r ;  t h e  Xenon lamp i s  t h e  W source  whi le  t h e  pho tomul t ip l i e r  i s  t h e  
W de tec to r .  Table 5 p r e s e n t s  a summary of t h e  proposed experiment .  

The W/ IR  Sensor System ope ra t e s  by determining t h e  o p t i c a l  abso rp t ion  of 
s p e c i f i c  wavelengths of W and I R  energy. The primary OPS atmospheric  c o n t r o l  
mass spectrometer determines t h e  composition of gaseous materials w i t h  atomic 
mass numbers 18 ( H 2 0 ) ,  28 ( N 2 0 ) ,  32 (02), and 44 (CO ) . 
systems provides  ope ra t iona l  exper ience ,  c o n t r o l  bac6-up i n  case  e i t h e r  f a i l s ,  
and inc reases  t h e  c e r t a i n t y  w i t h  which t h e  atmospheric  composi t ion i s  known. 
I n  a d d i t i o n  should any unexpected gases  appear  i n  t h e  atmosphere which might 
a f f e c t  one senso r ,  i t  probably would not  a f f e c t  t h e  o t h e r .  Thus i n  t h e  event  
of some ca tas t rophe ,  t h e  p r o b a b i l i t y  of acqu i r ing  knowledge of t h e  n a t u r e  of 
t h e  emergency would be increased .  

Opera t ion  of bo th  
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Atmospheric contaminant a n a l y s i s  experiment. - The 
experiment i s  t o  determine t h e  chemical and b i o l o g i c a l  
environment as a f u n c t i o n  of t i m e  during the mission. 
d e s i r e d  t o  r e t u r n  samples t o  e a r t h  f o r  ana lys i s .  

The primary emphasis i s  t o  determine the chemical,  

o b j e c t i v e  of t h i s  
n a t u r e  of t h e  p r ima te  
I n  p a r t i c u l a r ,  i t  is  

b i o l o g i c a l ,  and p a r t i c -  
u l a t e  composition of t h e  atmosphere i n  t h e  l i v i n g  chamber as a f u n c t i o n  of t i m e .  
The chemical composition w i l l  include t h e  primary gases ,  oxygen and n i t rogen ;  
t h e  major trace gases ,  water and carbon dioxide;  and t h o s e  trace gases  which 
could be d e t r i m e n t a l  t o  l i f e  such as: carbon monoxide, ammonia, hydrogen s u l -  
f i d e ,  and a v a r i e t y  of hydrocarbons. The b i o l o g i c a l  composition w i l l  i nc lude  
a de te rmina t ion  of t h e  number and k inds  of b a c t e r i a ,  fung i ,  and i f  p o s s i b l e ,  
v i r u s  p r e s e n t .  The p a r t i c u l a t e  composition w i l l  i nc lude  a p a r t i c l e  count and 
a de te rmina t ion  of t h e  p a r t i c u l a t e  composition. I n  a d d i t i o n ,  samples of t h e  
water r e s e r v o i r  w i l l  be r e tu rned  f o r  chemical and b i o l o g i c a l  ana lyses  by con- 
v e n t i o n a l  techniques.  

The p re l imina ry  d e s i g n  of t h e  OPS provides a Perkin-Elmer mass spec t ro -  
meter f o r  t h e  c o n t r o l  of t h e  oxygen p a r t i a l  p r e s s u r e .  Th i s  instrument a l s o  
monitors t h e  p a r t i a l  p r e s s u r e  of n i t r o g e n ,  carbon d iox ide  and water; t h e s e  
d a t a  are te lemetered t o  e a r t h  i n  t h e  e x i s t i n g  s p a c e c r a f t  des ign .  Thus t h e  
Northrop d e s i g n  a l r eady  monitors t h e  p r i n c i p a l  atmospheric c o n s t i t u e n t s .  

The b i o l o g i c a l  specimens ( b a c t e r i a ,  fungi,  and v i r u s )  are f r a g i l e  and w i l l  
no t  su rv ive  i n  s i g n i f i c a n t  numbers more than a few days a f t e r  t h e  sample is 
c o l l e c t e d .  Thus t h e  sampling w i l l  t a k e  place j u s t  p r i o r  t o  t h e  recovery of 
t h e  EVA packages. F igu re  11 shows a schematic of a c o l l e c t i o n  u n i t .  

An a i r  sample i s  drawn through t h e  c o l l e c t i o n  f l a s k  by a vacuum on t h e  
output  l i n e  ( e i t h e r  space o r  a c losed  evacuated b o t t l e  f o r  g r e a t e r  system 
r e l i a b i l i t y ) .  The f l a s k  c o n t a i n s  a s t e r i l i z e d  n u t r i e n t  which had p rev ious ly  
been s e a l e d  w i t h  optimum i n t e r n a l  cond i t ions  f o r  t h e  p r e s e r v a t i o n  of t h e  n u t r i e n t .  
The d i f f u s e r  sp reads  t h e  a i r  flow a c r o s s  the n u t r i e n t  which c a p t u r e s  some of t h e  
a i r -bo rne  b i o l o g i c a l  samples. A t  least  two c o l l e c t i o n  f l a s k s  w i l l  be r equ i r ed ,  
one w i t h  a n u t r i e n t  f o r  b a c t e r i a  and one with a n u t r i e n t  f o r  fung i .  The b i o -  
l o g i c a l  materials w i l l  grow on t h e  n u t r i e n t ;  t h e  samples should r each  t h e  a n a l -  
y s i s  l a b o r a t o r y  w i t h i n  48 hours.  Addit ional  b a c t e r i o l o g i c a l  samples w i l l  be 
a v a i l a b l e  i n  t h e  f e c a l  matter p re sen t  i n  the recovery capsule .  

The v a l v e s  on t h e  b a c t e r i o l o g i c a l  sampling system can be convent ional  
v a l v e s  o r  g l a s s  membranes which are broken t o  open; a squ ib  would then  be used 
t o  seal  a m e t a l l i c  p o r t i o n  of t he  tubing. During EVA, t h e  e n t i r e  sample pack- 
age i s  removed; a l l  t h e  plumbing l i n e s  contain simple d i sconnec t s .  

A water  sample  w i l l  a l s o  be c o l l e c t e d  j u s t  p r i o r  t o  t h e  EVA; p rov i s ion  w i l l  
be made f o r  c o l l e c t i o n  of one o r  more samples du r ing  t h e  mission.  

The atmospheric samples  w i l l  be c o l l e c t e d  i n  50 m l  ( 3  cubic  inches) con- 
t a i n e r s  which provide a sample s u f f i c i e n t  f o r  l a b o r a t o r y  a n a l y s i s  using a gas  
chromatograph and a mass spectrometer .  
and outgassed p r i o r  t o  launch. The container  w i l l  be opened t o  t h e  environ-  
mental atmosphere t o  c o l l e c t  a sample and then sea l ed  o f f ,  as mentioned p r e -  
v ious ly .  A micropore f i l t e r  w i l l  be i n  t h e  neck of t h e  c o l l e c t i o n  con ta ine r  

These c o n t a i n e r s  w i l l  be evaluated 
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t o  exclude p a r t i c u l a t e  mat ter  and b a c t e r i a  from t h e  c o l l e c t i o n  c o n t a i n e r ;  t h i s  
f i l t e r  w i l l  be sea l ed  o f f  from t h e  c o n t a i n e r ,  The f i l t e r  w i l l  be r e t u r n e d  and 
analysed f o r  p a r t i c u l a t e  m a t t e r ,  

Atmospheric samples w i l l  be c o l l e c t e d  a t  one week i n t e r v a l s  throughout 
t h e  mission,  One o r  two water samples w i l l  be c o l l e c t e d  a t  t h e  d i s c r e t i o n  of 
t h e  P r i n c i p a l  I n v e s t i g a t o r .  A f i n a l  water sample and t h e  two b i o l o g i c a l  samples 
w i l l  be c o l l e c t e d  j u s t  p r i o r  t o  t h e  EVA. When t h e  a s t r o n a u t  r ecove r s  t h e  p r i -  
mates, he w i l l  a l s o  r e t r i e v e  t h e  c o l l e c t i o n  package f o r  r e t u r n  t o  e a r t h .  Table 
6 p r e s e n t s  a summary of t h e  proposed experiment. 

There a r e  no s e r i o u s  ques t ions  regarding t h e  v a l i d i t y  of t h e  d a t a  obtained 
from t h e  onboard m a s s  spectrometer o r  from t h e  c o l l e c t e d  b i o l o g i c a l  o r  water 
samples .  There are problems a s s o c i a t e d  w i t h  t h e  de t e rmina t ion  of t r a c e  quan- 
t i t i e s  of gas  a f t e r  s t o r a g e .  

The l abora to ry  a n a l y s i s  of gases  using a gas  chromatograph and a mass 
spectrometer is  a powerful technique t h a t  can d e t e c t  and measure q u a n t i t i e s  
of gas  down t o  t h e  p a r t s  p e r  b i l l i o n  range. The l a b o r a t o r y  methods measure 
t h e  gas  fed i n t o  t h e  instrument ,  However, the problem is;  i s  t h i s  g a s  com- 
p o s i t i o n  t h e  s a m e  as t h e  gas  when i t  w a s  c o l l e c t e d ?  Whenever a g a s  i s  s t o r e d  
i n  a con ta ine r  some of i t  w i l l  adsorb on the  c o n t a i n e r  wal l s ;  some of it w i l l  
r e a c t  chemically wi th  t h e  w a l l s .  I n  t h e  case of a c t i v e  gases  p re sen t  i n  t r a c e  
amounts, t hey  may be completely removed from t h e  s t o r e d  gases .  

As an example, hydrogen s u l f i d e ,  (H2S), w i l l  react  with m e t a l l i c  ox ides  i n  
e i t h e r  metal  o r  g l a s s  c o n t a i n e r s  and form m e t a l l i c  s u l f i d e s  which are chemically 
bound t o  t h e  s u r f a c e ;  t h e  r e a c t i o n  l i b e r a t e s  water which is  a n e g l i g i b l e  f r a c t i o n  
of t h e  water vapor a l r e a d y  p r e s e n t .  Becuase of t h i s  r e a c t i o n ,  most of t h e  H2S 
presen t  i n  an a i r  sample  may be removed by unwanted r e a c t i o n s  w i t h i n  7 2  hours.  
I n  a similar f a s h i o n ,  ammonia (NH ) w i l l  also be removed from a c o n t a i n e r .  
There i s  no known way t o  r e v e r s e  2hese r e a c t i o n s  and recover  t h e  gas  concen- 
t r a t  ions.  

The v a r i o u s  hydrocarbon gases  may be adsorbed on t h e  c o n t a i n e r  wal l s ;  how- 
eve r ,  i t  appea r s  t h a t  they can be desorbed with t h e  a p p l i c a t i o n  of h e a t .  

A p o t e n t i a l  a n a l y t i c a l  technique would be t h e  i n t r o d u c t i o n  of a small amount 
of r e a c t i v e  me ta l  ( s i m i l a r  t o  a vacuum tube get ter)  i n t o  t h e  c o n t a i n e r  t o  c o l -  
l e c t  t h e  contaminants.  
t h e  techniques of mass o r  o p t i c a l  spectroscopy. 

Th i s  metal could then be vaporized and analysed us ing  

Fur the r  l a b o r a t o r y  s tudy i s  recommended t o  determine i f  t h e  trace g a s e s  
can be q u a n t i t a t i v e l y  measured and i f  t he  experiment technique w i l l  produce 
meaningful r e s u l t s .  

Recommended Development Area 

A l l  of t h e  cand ida te  engineer ing experiments are i n  t h e  development phase 
a t  p re sen t .  The CO management system concept i s  under t es t  a t  Langley Research 
Center as a p a r t  of an  o v e r a l l  l i f e  support  sys t em t h a t  i s  capable  of support ing 2 
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fou r  men f o r  extended pe r iods  of time under space c o n d i t i o n s  (except  zero 
g r a v i t y ) .  

Some d i f f i c u l t i e s  have been encountered i n  t h e  Bosch Reactor p o r t i o n  of 
t h e  GO r e d u c t i o n  system r e l a t i v e  t o  t h e  removal of t h e  pure carbon from t h e  
r e a c t o r  s t r u c t u r e .  Addit ional  development work i s  r e q u i r e d  i n  t h i s  a r e a .  2 

Corrosion problems a r e  being experienced wi th  t h e  water e l e c t r o l y s i s  c e l l  
t h u s  l i m i t i n g  t h i s  u n i t ' s  u s e f u l  l i f e .  Water e l e c t r o l y s i s  c e l l  development 
work is  con t inu ing  and can be expected t o  produce an i n c r e a s i n g l y  u s e f u l  l i f e -  
t i m e  . 

For t h e  waste water recovery u n i t ,  an a i r  d r i e d  wick type evaporator  i s  
a l s o  on tes t  a t  Langley Research Center in  t h e  same l i f e  support  sys t em.  Wick 
contamination i s  a problem a t  p re sen t  t h a t  w i l l  r e q u i r e  more development a c t i v -  
i t y .  A t  p r e s e n t ,  wick l i f e t i m e  i s  low. 

For environmental  contaminant a n a l y s i s ,  Northrop has  conducted surveys 
of T-38 and F-5 a i r p l a n e  cockpi t  atmospheres using a technique s imilar  t o  t h a t  
proposed f o r  t h e  OPS. However, only a l imited number of contaminants were 
i d e n t i f i e d .  Fu r the r  work i s  r equ i r ed  t o  develope a more r e f i n e d  and r e l i a b l e  
technique s u i t a b l e  f o r  an extended period unmanned o r b i t a l  f l i g h t  experiment. 

A l l  t h e  cand ida te  experiments r equ i r e  des ign  e f f o r t  f o r  completing t h e  
mechanization and packaging to :  

(1) Provide t h e  r e l i a b i l i t y  and l i f e  expectancy necessary f o r  a f l i g h t  
experiment . 

(2)  Provide a small and l ight-weight  package w i t h  minimized e l e c t r i c a l  
power requirements .  

Prel iminary Equipment L i s t  

Table 7 i s  a summary of experiment hardware w i t h  estimates of weight ,  
volume and power requirements.  These est imates  r e f l e c t  hardware t h a t  could 
be i n s t a l l e d  in the  e x i s t i n g  OPS d e s i g n  and flown toge the r  w i t h ,  but non- 
i n t e r a c t i n g ,  o r  i n  support  of the o r i g i n a l  experiment (two u n r e s t r a i n e d  
p r ima tes )  . 

E f f e c t s  on O r b i t i n g  Primate Spacec ra f t  

A l l  of  the  candidate  engineer ing experiments d i scussed  can be accommodated 
on board t h e  OPS s imultaneously.  F igu re  12  d e p i c t s  the p h y s i c a l  l o c a t i o n  of 
each of t h e  experiments w i t h i n  the Northrop O r b i t i n g  Primate S p a c e c r a f t .  
experiments are loca ted  within '  the  pressure s h e l l  except  f o r  t he  atmospheric 
contaminant a n a l y s i s  u n i t  which i s  located on the  top  ou te r  s h e l l  ad j acen t  
t o  the  pr imate  recovery capsules .  T h i s  Location permits  EVA recovery of t h i s  
u n i t  a t  pr imate  recovery t i m e .  

All 

1 
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H O'recovery unit I' I- analysis unit 
Atmosphere contam inan t 

I n 
UV/IR gas sensor 

C 0 2  reduction unit 

I H 2 0  electrolysis 
unit 

CO, concentration unit 

Figure 12. - Possible Locations for additional ECS engineering experiments 
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i 
I The six units weigh 190 lbs. and occupy approximately 8.5 cubic feet of 

volume. Power consumption is approximately 350 watts assuming all units are 
operating plus 1400 watt-hours (350 watts for 4 hours) once per month to re- 
condition the Zeolite beds in the C02 concentration unit. 
power system was designed with a 150 watt excess capacity alternate use. 
Using this excess capacity, an additional 53 square feet of solar panel area 
will be required along with an additional 70 lbs. qf batteries. 
solar panel area weight is 63 .5  lbs. No additional power system enlargement 
is needed for the 1400 watt-hours requirement once per month to recondition 
the Zeolite beds since a slightly deeper depth of battery discharge can be 
tolerated for these four-hour periods with complete battery recovery being 
made in approximately one day after each monthly Zeolite recondition cycle. 

The existing OPS 

The additional 

Assuming an additional 40 lbs. for structure, plumbing, ducting, and 
cabling to accommodate these added experiments, a total system weight increase 
of 363 .5  lbs. is anticipated. The present OPS command and telemetry system 
can accommodate the relatively few additional data points and commands that 
will be required to operate and monitor the experiments. Additional detailed 
analysis will be required to accommodate experiment thermal control require- 
ments. This can be readily accomplished by providing proper heat sinks, 
routing of spacecraft waste heat to the using devices and resizing space 
radiator to accommodate the increased thermal load. No major changes to the 
attitude control system are anticipated since the bulk of the added weight 
will be located near to the spacecraft center of gravity. 

Additional Flight Experiments 

The six experiments detailed in preceding paragraphs are by no means all 
of the additional experiments that can be accommodated onboard the OPS during 
its orbital mission. The OPS is, in reality, an orbiting bus that consists 
of an attitude controlled stable platform, a longtlife power generation system, 
a completely independent life support system capable of supporting small 
animals for extended time periods and all of the other hardware required to 
support these systems. Such a bus could support engineering experiments 
ranging from special solar cell arrays t o  experimental space radiators 
utilizing fusible materials. Experiments that record micrometeorial activity 
or solar flare over long time periods are entirely feasible especially when 
considering that experiment samples can be recovered and returned to earth. 
Following is a brief list of engineering type experiments that could be flown 
on an OPS mission: 

(1) Special solar cell arrays consisting of advanced solar cell devices 
Switching and that require long term testing in the deep space environment. 

power monitoring devices can be designed into the experiment so that cell 
performance would be monitored from ground stations. Samples of the cells 
could be returned to earth at rendezvous time. 

( 2 )  Space radiators utilizing fusible materials can be readily mounted 
to external surfaces of the OPS skin. Northrop has recently completed a 
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feasibility study and laboratory hardware phase that resulted in designs 
of fusible material radiators to be tested in earth orbit. These devices 
can be flown on the unmanned OPS since recording performance simply involves 
the recording of radiator temperature against a time base. The radiators 
could be retrieved, if desired, at primate retrieval time through an astronaut 
EVA. 

(3 )  Micrometeoroid detection and/or collection is also entirely feasible 
using the OPS as a long term orbiting collection station. Special meteoroid 
detecting and collecting surfaces can be installed on portions of the OPS 
skin before launch and monitored from ground stations throughout the entire 
one year period. At the end of the mission, an astronaut could collect any 
captured micrometeroids and any sample portions of the special skin, if 
required. A solar radiation detection experiment could be handled in a 
similar manner. 

( 4 )  Thermal control coatings are well suited as engineering experiment 
candidates to be flown on the OPS. The spacecraft is sun oriented to close 
tolerances and the one year mission offers ample exposure time. Coating 
performance can be indirectly monitored throughout the exposure period by 
supplying the surfaces with temperature indicators which are read out through 
the OPS telemetry system. At the end of the mission, an astronaut can collect 
coating chips at primate recovery time. 

Summary 

Many worthwhile engineering type experiments can be flown on board the 
OPS without endangering or interacting with the primate experiment. With 
the proper selection, many of these experiments could be flown simultaneously. 

BIOLOGICAL EXPERMNTS 

The Orbiting Primate Spacecraft (OPS) has been designed to meet the require- 
ments of a specific biological experiment. However, the gross requirements for 
a large class of orbiting biological experiments are similar. This section 
presents a description of several specific biological experiments and indicates 
the type of spacecraft modification required to effect experimental support, 
The experiment descriptions are the Principal Investigator's desired configura- 
tions; no compromises with mission or spacecraft requirements have been made, 

~ 

Three orbiting primate experiments and a mouse colony experiment are 
described. 
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Automated Primate Research Laboratory 
P r i n c i p a l  I n v e s t i g a t o r  - N. Pace, Ph.D 

Unive r s i ty  of C a l i f o r n i a ,  Berkeley 

Experiment d e s c r i p t i o n .  - The experiment measures the  ca rd io -vascu la r  
and general  metabol ic  response of two r e s t r a i n e d  Pig-Tai led monkeys (Macaca - 
nemestrina) as a func t ion  of time i n  the  we igh t l e s sness  environment. The 
mis s ion  will involve 60 t o  90 days i n  o r b i t  and subsequent recovery of the 
monkeys and the  complete u r i n a r y  and f e c a l  output .  

The monkeys' body w i l l  be r e s t r a i n e d ;  h i s  l egs ,  arms, and head w i l l  be 
f r e e .  Various c a t h e t e r s  w i l l  be implanted t o  c o l l e c t  u r i n e  and blood samples. 
Feces samples w i l l  a l s o  be c o l l e c t e d ,  

The cardio-vascular  p o r t i o n  of t h e  experiment r e q u i r e s  continuous measure- 
ment of h e a r t  r a t e  and blood p res su re  a s  w e l l  a s  a c a r d i a c  ou tpu t  measurement 
every few hours ,  This  l a t t e r  measurement involves  the  i n j e c t i o n  of a t r a c e r  
i n t o  t h e  blood system and monitoring i t s  d i s p e r s i o n .  The technique i s  a s t a n -  
dard laboratory procedure when a d i e  s o l u t i o n  is  i n j e c t e d .  

The metabolic s t u d i e s  involve d e t a i l e d  monitoring of a l l  energy and sub- 
s t a n c e  interchange between t h e  monkey and h i s  environment. Each monkey i s  t o  
be placed i n  an a d i a b a t i c  bomb t o  measure h i s  h e a t  production. 
t i o n  w i l l  be q u a n t i t a t i v e l y  measured a s  w i l l  t he  C02 and H 2 0  product ion.  The 
e n t i r e  ur inary ou tpu t  w i l l  be c o l l e c t e d ;  each batch c o n s i s t i n g  of t h r e e  hours  
o u t p u t . w i l 1  be frozen and s t o r e d .  
i d e n t i f i e d ,  and frozen f o r  s to rage .  I n  a d d i t i o n  t h e  l i q u i d  and food inpu t  
w i l l  be monitored. 

Oxygen consump- 

The f e c a l  ou tpu t  w i l l  s i m i l a r l y  be c o l l e c t e d ,  

A t  the completion of t h e  mission,  t he  monkeys, t he  u r i n a r y  ou tpu t ,  t h e  
f e c a l  output ,  and any contaminant abso rp t ion  beds w i l l  be r e tu rned  t o  e a r t h .  

Various components of t h i s  experiment have been performed i n  the  l a b o r a t o r y ;  
t he  complete experiment has  not  been performed simultaneously on a s i n g l e  a n i -  
mal. Measurement techniques a p p l i c a b l e  t o  space f l i g h t s  a r e  being developed. 
The i n v e s t i g a t i n g  team contemplates experiment f l i g h t  during 1973. 

System modi f i ca t ion .  - The b a s i c  OPS l i f e  support  system f o r  t h e  weight- 
l e s s n e s s  experiment does not  provide metabol ic  i s o l a t i o n  of the two pr imates .  
Two metabo l i ca l ly  i s o l a t e d  chambers can be provided i n  t h e  OPS wi th  minor modi- 
f i c a t i o n s  using the  same l i f e  support  equipment components proposed f o r  t h e  
we igh t l e s sness  experiment.  The necessary mod i f i ca t ions  would be a s  fol lows:  

(1) A w a l l  would be placed a c r o s s  the  p re s su re  v e s s e l  t o  provide atmosphere 
and thermal i s o l a t i o n  between the  two primate chambers. 

(2)  Two s e t s  of fans ,  h e a t  exchangers,  L i O H  c a n n i s t e r s  and atmosphere 
c o n t r o l  u n i t s  would be i n s t a l l e d  i n  the s p a c e c r a f t  t o  provide i s o l a t e d  atmos- 
phere c o n t r o l  systems. With t h e  excep t ion  o f  t he  fans and LiOH c a n n i s t e r  
which would be sca l ed  down i n  s i z e ,  t h i s  equipment would he i d e n t i c a l  t o  t he  
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equipment p r e s e n t l y  proposed f o r  t h e  OPS spacec ra f t .  
would provide f o r  c l o s e  monitor ing o f  oxygen usage, C02 ou tpu t  and h e a t  ou tput  
o f  each animal i n d i v i d u a l l y ,  
concen t r a t ion  i s  inhe ren t  i n  the  b a s i c  OPS des ign ,  

The system s o  modified 

Monitoring of t he  oxygen consumption and C02 

(3) The waste management f i l t e r s  would be modified t o  comply w i t h  t h e  
c o l l e c t i o n  requirements  of t h e  new experiment. S ince  the  animals  f o r  the  pro- 
posed experiment a r e  equipped wi th  c a t h e t e r s  and f e c a l  c o l l e c t o r s ,  the  proposed 
f i l t e r s  of t h e  OPS system would be replaced wi th  a more compact, s i m p l e  f i l t e r  
i n  se r ies  wi th  the  c i r c u l a t i n g  atmosphere, P rov i s ions  f o r  c o l l e c t i n g  and 
f r e e z i n g  f e c a l  and u r i n e  m a t e r i a l s  would be  added t o  t h e  waste  management 
s y s  t e m .  

( 4 )  The c o n t a i n e r s  f o r  s t o r i n g  02 and N2 would be unmodified wi th  the  
except ion  t h a t  a second s e t  of c o n t r o l  valves  would he added t o  t h e  ou tpu t  
manifold.  The p r e s e n t l y  proposed system has p rov i s ions  f o r  a c c u r a t e l y  moni- 
t o r i n g  the  usage r a t e s  of  02 and N2. 
t h e  known l eak  r a t e s ,  monitor ing o f  C02 and water  ou tpu t s  w i l l  provide an 
accu ra t e  measurement of t he  an imal ' s  usage of  oxygen, 

These usage ra tes  i n  conjunct ion  w i t h  

(5) Asecond gas  ana lyze r  would be added t o  provide independent monitor ing 
o f  both i s o l a t e d  chambers. 

A p re l iminary  a n a l y s i s  of  t h e  increase  i n  d a t a ,  command, and power r e q u i r e -  
ments a s s o c i a t e d  wi th  the  dua l  l i f e  support  system would n o t  change t h e  des ign  
of  t h e  suppor t  subsystems. 

The a d d i t i o n  o f  t h e  e x t r a  f ans ,  h e a t  exchangers,  LiOH c a n n i s t e r s  and atmos- 
phere c o n t r o l s  a r e  w e l l  w i t h i n  the  envelope c o n s t r a i n t s  of  t h e  OPS. 

The thermal  c o n t r o l  subsystem would requi re  only minor pre l iminary  changes 
t o  inc lude  a second se t  o f  h e a t  exchangers. 

Table 8 summarizes t h e  experiment and b r i e f l y  d e s c r i b e s  i t s  e f f e c t  on t h e  
b a s i c  OPS des ign .  

Neurologica l  Bio-A Experiment 
P r i n c i p a l  I n v e s t i g a t o r  - W. R. Adey, M.D. 
Un ive r s i ty  of  Ca l i fo rn ia  a t  Los Angeles 

Experiment d e s c r i p t i o n .  - The experiment measures t h e  n e u r o l o g i c a l  response 
of two chimpanzees as a func t ion  of  t i m e  i n  t h e  we igh t l e s sness  environment. 

The experiment  c o n s i s t s  of  f l y i n g  two young chimpanzees (25-40 pounds) i n  
t h e i r  own i n d i v i d u a l  l i f e  suppor t  system f o r  a f l i g h t  of  60 t o  120 days.  

One of  t h e  chimpanzees w i l l  be unres t ra ined  i n  a s p h e r i c a l  cage which has  
a n  i n t e r n a l  diameter  of about  f i v e  f e e t .  The o t h e r  chimpanzee w i l l  be 
r e s t r a i n e d  on a movable couch; t h e  cage w i l l  be  a four  f o o t  sphe re  t runca ted  
i n  a r e g i o n  which i s  o u t  o f  t h e  monkey's view. 
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Both chimps w i l l  be presented t a s k s  o f  varying complexity; t he  complexity 
w i l l  be governed by an onboard computer which e v a l u a t e s  the  chimp's p e r f o r -  
mance. The t a s k s  w i l l  involve pushing buttons i n  response t o  cues given by 
l i g h t s .  The bu t tons  and l i g h t s  w i l l  be uniformly d i s t r i b u t e d  around t h e  
i n s i d e  of both cages.  The r e s t r a i n e d  monkey w i l l  have a joy s t i c k  c o n t r o l  
on h i s  couch t o  enable  him t o  move t h e  couch and thus r each  the  va r ious  
bu t  t ons .  

The waste management i s  considered the g r e a t e s t  problem. The f e c a l  and 
u r i n a r y  ou tpu t  of t he  r e s t r a i n e d  chimp w i l l  be c o l l e c t e d .  The f eces  w i l l  be 
s t o r e d  f o r  recovery; t he  u r i n e  w i l l  be co l l ec t ed  i n  batches which w i l l  c o n t a i n  
a l l  t he  u r i n e  produced i n  a 3 t o  4 hour per iod.  The u r i n e  w i l l  e i t h e r  be 
f rozen  and s to red  o r  p r e f e r a b l y  analyzed i n  f l i g h t  and dumped. A p r o p r i e t a r y  
technique n o t  involving c a t h e t e r s  has been developed t o  c o l l e c t  t h e s e  wastes. 

The f i n a l  system w i l l  probably involve a mechanical s c rap ing  a c t i o n  t o  
remove caked f eces  and an  a i r  purge t o  remove loose material. The a i r  p o r t s  
must a l s o  be cleaned.  

, The waste management f o r  t he  un res t r a ined  chimp i s  the  c u r r e n t  main concern. 

The c u r r e n t  a i r  c i r c u l a t i o n  is  envisaged as  a s e r i e s  of switched d u c t s  
s o  t h a t  t h e  a i r  f low, 80 f t /min ,  could be changed w i t h i n  t h e  capsule  and 
thus  avoid an  a i r  flow r e f e r e n c e .  

Each chimp w i l l  con ta in  numerous implanted sensors  t o  monitor b r a i n  
p o t e n t i a l s ,  eye p o s i t i o n ,  neck muscle s t a t u s ,  t runk s t a t u s ,  ga lvan ic  s k i n  
response,  temporatures throughout the system, and very l i k e l y  u l t r a s o n i c  
blood flow meters. The maximum band width of any one channel i s  100 Hz. 
The t o t a l  band width f o r  a l l  channels for one chimpanzee is  between 4 and 5 
megahertz f o r  t h e  PCM d a t a .  These measurements a r e  s u f f i c i e n t  t o  enab le  the  
P r i n c i p a l  I n v e s t i g a t o r  t o  deduce the  p o s i t i o n  of t he  chimp's body and even 
where he i s  looking.  The gap between data  a c q u i s i t i o n s  should be less than  
fou r  hours . 

The v a r i o u s  primate i n v e s t i g a t o r s  have decided t h a t  a l i q u i d  d i e t  should 
be used f o r  f l i g h t  experiments.  Reasons f o r  t h i s  d e c i s i o n  inc lude  t h e  g r e a t e r  
r e l i a b i l i t y  of l i q u i d  food d i s p e n s e r s  (as con t r a s t ed  t o  p e l l e t  d i s p e n s e r s )  , 
and t h e  problems of p e l l e t  s t a b i l i t y .  However, i t  may not  be p o s s i b l e  t o  
implement t h i s  d e c i s i o n  because of t h e  high v i s c o s i t y  of t h e  l i q u i d  which 
has enough c a l o r i c  value t o  balance both t h e  food and water requirements  of 
t h e  chimps. 

The e l e c t r i c a l  power requirements of t h e  experiment are no t  w e l l  de f ined .  
I t  appea r s  t h a t  0.7 t o  1.0 K w a t t  w i l l  be r equ i r ed  f o r  t he  i n p l a n t  t e l eme t ry  
and t a s k  performance requirements .  The waste management and environmental  
suppor t  requirements  appear t o  be a d d i t i o n a l .  Spacec ra f t  t o  ground t e l eme t ry  
i s  d e f i n i t e l y  a d d i t i o n a l .  

The Environmental Control  System w i l l  need t o  monitor t h e  C02 product ion 
of each chimp cont inuously;  each b r e a t h  would be d e s i r a b l e  but  a 30 second 
response t i m e  Sensor i n  the  a i r  flow would be s a t i s f a c t o r y .  
thought is  t o  use  a n  i n f r a r e d  senso r .  
d e s i r a b l e .  

The c u r r e n t  
A thermal balance f o r  each animal i s  
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A d i f f e r e n t  waste management technique w i l l  be r equ i r ed ;  however, t h e  
P r i n c i p a l  I n v e s t i g a t o r  i s  developing t h i s  and no s p a c e c r a f t  problems are 
foreseen .  

Table 9 summarizes the  experiment and b r i e f l y  d e s c r i b e s  i t s  e f f e c t  on 
t h e  bas i c  OPS des ign .  

The i n t e r n a l  l i g h t i n g  w i l l  i n i t i a l l y  be se t  on a 24 hour cyc le  w i t h  1 2  
hours of h igh  i n t e n s i t y  l i g h t  and 1 2  hours  of dim l i g h t .  La te r  i n  t h e  mission 
t h e  repea t  cyc le  w i l l  be increased  above 2 4  hours and then decreased t o  less 
than 2 4  hours.  F i n a l l y  .the chimps w i l l  be allowed t o  set t h e i r  own t i m e  
rythms. The r a t i o  of maximum t o  minimum i l l u m i n a t i o n  should be a t  least 
1O:l f o r  t h e  chimps' comfort .  I t  has been d iscovered  t h a t  t h e  chimp f e e l s  
i t  is  dark i f  the  s p e c t r a l  range i s  decreased from t h e  whole v i s i b l e  spectrum 
t o  a 0.69 t o  0.75 micron s p e c t r a l  range  and t h e  t o t a l  i l l u m i n a t i o n  i s  only 
decreased by 30%. Using t h i s  technique,  t h e  chimp exper iences  night-day 
sequences and t e l e v i s i o n  cameras can o p e r a t e  cont inuously without  s h u t t e r  
changes. 

I t  i s  imperat ive t h a t  both chimps f l y  i n  t h e  same s p a c e c r a f t .  T h e  
maximum a c c e l e r a t i o n s  experienced should be less than 10- 3 g.  

The experimenter f e e l s  t h a t  i t  would be d e s i r a b l e  t o  have an a s t r o n a u t  
check the equipment ope ra t ions  d a i l y  a l though no chimp-astronaut i n t e r a c t i o n  
is  des i r ed .  

System modi f i ca t ion .  - Adaptat ion of t he  OPS t o  t h i s  experiment r e q u i r e s  
a modi f ica t ion  of t h e  l i f e  suppor t  system and a change i n  s i z e  of t h e  l i v i n g  
q u a r t e r s .  The chimpanzee chambers are approximately spheres  w i t h  four  and 
f i v e  foot  d i ame te r s .  

I t  i s  necessary  t o  have s e p a r a t e  l i f e  suppor t  systems f o r  each animal 
t o  s a t i s f y  t h e  metabol ic  requirements .  The r equ i r ed  modi f ica t ions  t o  t h e  
OPF l i f e  suppor t  would be s i m i l a r  t o  t hose  desc r ibed  i n  t h e  prev ious  Sec t ion .  
The food, wa te r ,  and oxygen requirements  of t h e  chimpanzees f o r  1 2 0  days are 
comparable t o  those  provided by t h e  OPS f o r  a smaller animal  f o r  a y e a r .  The 
carbon dioxide requirements  are a l s o  comparable. The q u a n t i t i e s  are comparable 
f o r  both miss ions ,  w i t h  h igher  rates f o r  t h e  UCLA experiment.  

R e  roduc t ive  Bio-A Experiment 

Univers i ty  of Southern C a l i f o r n i a  
Principa! I n v e s t i g a t o r  - J .  P. Meehan, M.D. 

Experiment d e s c r i p t i o n .  - The experiment o b j e c t i v e  i s  t o  observe behavior 
of mature pr imates  i n  a we igh t l e s s  environment and t o  produce young who were 
conceived a n d , b o r n  i n  t h i s  environment. 

The experiment i s  i n  t h e  i n i t i a l  concept ion  s t a g e  now. However t h e  g ross  
p rope r t i e s  a r e  similar t o  those  of t h e  experiment f o r  which t h e  OPS was 
designed.  
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Two sexua l ly  mature pr imates  weighing 15 t o  20 pounds w i l l  be flown and 
observed f o r  a y e a r .  The primate s p e c i e s  has no t  been s e l e c t e d .  A common 
cage w i l l  be used f o r  both animals ,  they w i l l  be observed p e r i o d i c a l l y  by 
t e l e v i s i o n  and w i l l  be presented t a s k s  s i m i l a r  t o  those given t o  t h e  OPS 
pr imates .  

I s t o r a g e  capaci ty  as w e l l  as removing t h e  d i v i d i n g  p o r t i o n  of t h e  e x i s t i n g  
cages t o  make one l a r g e  cage. It  w i l l  be necessary t o  i n s u r e  t h a t  t h e  
primates can be recovered w i t h  t h e  e x i s t i n g  technique.  The i n v e s t i g a t o r  

I d e s i r e s  a measure of t h e  C02 product ion of t h e  animals .  

There w i l l  be a four  channel implanted t e l eme t ry  system i n  each animal;  
t he  bandwidth f o r  each channel i s  35 Hz. 

Table 10 summarizes the  experiment and b r i e f l y  d e s c r i b e s  i t s  e f f e c t  on 
I t h e  b a s i c  OPS des ign .  

System modi f i ca t ion .  - The mod i f i ca t ions  of t he  e x i s t i n g  OPS s p a c e c r a f t  
are minimal and c o n s i s t  of s l i g h t l y  e n l a r g i n g  t h e  oxygen and n i t r o g e n  

A l abora to ry  test  model of t h i s  experiment has demonstrated t h e  f e a s i b i l i t y  
of the experiment and i t s  a s s o c i a t e d  hardware. F l i g h t  equipment i s  c u r r e n t l y  
being designed. 
Program For the Study of Long T e r m  Adaptat ion t o  a Weightless Environment 
Providing Three Dimensional Freedom of Movement" which w a s  presented a t  
NASA-Ames Research Center i n  l a t e  1966 o r  e a r l y  1967. 

A d e s c r i p t i o n  of t h e  l a b o r a t o r y  tes t  model i s  given i n  "A 

I The l abora to ry  tes t  model i s  15 inches i n  d i ame te r ,  60 inches long and 
weighs 500 l b s .  Obviously t h e  f l i g h t  model w i l l  be smaller and l i g h t e r .  

I 

~ 

~ 

System modi f i ca t ion .  - This  experiment as c u r r e n t l y  designed is completely 
self  contained. 
could be decreased t o  150 pounds i n  a chamber 15 inches i n  diameter x 30 
inches long. 
primate weight lessness  experiment.  

By adap t ing  the experiment t o  t h e  OPS system, the  experiment 

T h i s  w i l l  r e a d i l y  f i t  the  OPS as a companion t o  the  primary 

Table 11 summarizes the experiment and b r i e f l y  d e s c r i b e s  i t s  e f f e c t s  on 
I the  bas i c  OPF des ign .  

I 36 

Long T e r m  Adaptat ion t o  a Wei h t l e s s  Environment 

Univer s i t y  of Southern C a  11 f o r n i a  
P r i n c i p a l  I n v e s t i g a t o r  - 9. P. .Meehan, M.D. 

Experiment d e s c r i p t i o n .  - The experiment w i l l  observe t h e  growth and 
h a b i t s  of mice bred and r a i s e d  i n  a w e i g h t l e s s  environment. 

The experiment o b j e c t i v e  i s  t o  o r b i t  a colony of mice, i n i t i a l l y  f o u r ,  
which then l i v e ,  breed,  and raise t h e i r  young i n  a we igh t l e s s  environment. 
I t  i s  expected t h a t  t h e r e  w i l l  be s i x t e e n  mice i n  t h e  colony a t  t h e  end of 
t he  year i n  o r b i t ;  t h e  mice are t o  be recovered.  A n e s t i n g  area w i l l  be 
provided i n  the c e n t e r  of t he  cage u n i t ;  food and water are provided around 
the periphery of t h e  cage. 
v i a  t e l e v i s i o n ,  of t h e  mice and v i s u a l l y  monitor ing the  growth of t he  young. 

The experiment c o n s i s t s  of watching t h e  behavior ,  
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Table 12 presen t s  an  o v e r a l l  summary of t h e  c a p a b i l i t y  of the  b a s i c  
O r b i t i n g  Primate Spacecraf t  and the  type of  modi f ica t ions  r equ i r ed  t o  suppor t  
t h e  b i o l o g i c a l  experiments d i scussed  i n  t h i s  s e c t i o n .  

LJ 
U d  

a, 
@ a ,  ;; 
! a  
M a ,  u 
$ 3  w 3  

S M  

S M  

OF 

* 

The OPS des ign  provides  l i f e  support ,  waste management, and recovery  
c a p a b i l i t i e s  f o r  two small primates  for  a one year  miss ion .  These same 
systems can support  smaller animals for  p ropor t iona te ly  longer p r i o d s  and 
l a r g e r  animals  f o r  s h o r t e r  pe r iods .  I n  an emergency, t h e  l i f e  suppor t  could 
even suppor t  man f o r  a s h o r t  per iod .  An inc rease  i n  v e r s a t i l i t y  i s  achieved 
i f  t he  l i f e  support  system i s  s l i g h t l y  modified s o  t h a t  q u a n t i t a t i v e  
measurements of metabol ic  func t ions  can be achieved.  Seve ra l  experiments 
r e q u i r e  s e p a r a t e  q u a n t i t a t i v e  l i f e  support  and metabol ic  measurements on 
s e v e r a l  animals; t h i s  c a p a b i l i t y  i s  a l s o  d e s i r a b l e .  The a c t u a l  animal  l i f e -  
c e l l  w i l l  vary depending upon the  animal s i z e  and t h e  experimental  o b j e c t i v e s ;  
however, t hese  changes need no t  change the  e x t e r n a l  envelope of t h e  space- 
c r a f t  . 

TABLE 12. .. MATRIX SHOWING ADAPTABILITY OF OPS TO VARIOUS EXPERIMENTS 

Automated Pr imate  Research Laboratory 
D r .  Pace - UCB 

Neurological  Bio-A 
D r .  Adey - UCLA 

Reproduct ive Bio-A 
D r .  Meehan - USC 

Long T e r m  Adaptat ion t o  
a Weight less  Environmentyc 

D r .  Meehan - USC 

Code E - El imina te  
OK - Use E x i s t i n g  
S - S l i g h t  Modif ica t ion  
M - Major Modif icat ion 
* - Can be c a r r i e d  along with b a s i c  OPS experiment 
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1 

I 

(1) Considerat ion of t h e  O r b i t i n g  Primate Spacec ra f t  as an  extended 
a d d i t i o n  t o  a n  o r b i t i n g  l abora to ry .  

APPLICATIONS WITH S/AAP O R B I T I N G  LABORATORY 

I 
(2 )  Examination o f  a Modular O r b i t i n g  Primate Spacec ra f t  as a n  a d d i t i o n  

t o  a n  o r b i t i n g  l abora to ry .  

Conceptual approaches have been developed f o r  ex tending  the  u t i l i z a t i o n  
and e f f e c t i v e n e s s  of t he  O r b i t i n g  Primate Spacecraf-t  a s  i t s  subsystems by 
i n t e g r a t i o n  wi th  the  S / U P  O r b i t i n g  Laboratory.  The b a s i s  f o r  t hese  s t u d i e s ,  
t h e  a n a l y t i c a l  p rocesses  , and the  s e l e c t e d  candida te  conf igu ra t ions  a re  
desc r ibed  here .  

I ( 3 )  U t i l i z a t i o n  of  O r b i t i n g  Primate Spacec ra f t  subsystems i n  suppor t  
I of t h e  o r b i t i n g  l abora to ry .  

Objec t ives  

Th i s  study was i n i t i a t e d  t o  examine t h e  v e r s a t i l i t y  of t h e  O r b i t i n g  
Pr imate  Spacecraf t  and t h e  e x t e n t  t o  which i t  w a s  d i r e c t l y  a p p l i c a b l e  t o  
a l t e r n a t e  mission modes. The s tudy  included:  

The Orb i t ing  Primate Spacec ra f t  as  desc r ibed  i n  t h e  i n t r o d u c t i o n  t o  t h i s  
volume and the  O r b i t i n g  Laboratory desc r ibed  i n  t h e  fo l lowing  s e c t i o n  were 
t h e  base l ine  conf igu ra t ions  f o r  t h i s  s tudy .  

O r b i t i n g  Laboratory Desc r ip t ion  

The S I V B  s t a g e ' s  hydrogen tank  i s  be ing  modif ied t o  conver t  i t s  10,000 
cubic  f o o t  volume i n t o  l i v i n g  and working q u a r t e r s  f o r  long d u r a t i o n  h a b i t -  
a t i o n  i n  space.  The modified s t a g e  used i n  conjunct ion  w i t h  two a d d i t i o n a l  
modules, an a i r l o c k  and a docking a d a p t e r ,  as shown i n  F igu re  13, provides  
a n  o r b i t a l  workshop f o r  performing va r ious  experiments .  The a i r l o c k  permi ts  
a s t r o n a u t  movement from t h e i r  s p a c e c r a f t  t o  t h e  SIVB s t a g e  wi thou t  depres-  
s u r i z i n g  e i t h e r  t h e  s p a c e c r a f t  o r  t h e  SIVB. The docking adap te r  i s  a t t ached  
t o  t h e  a i r l o c k  and provides  a means of  j o i n i n g  toge the r  up t o  f i v e  payloads.  
These modules, t oge the r  w i t h  a n  O r b i t i n g  Primate S p a c e c r a f t  a t t a c h e d  t o  t h e  
docking adap te r ,  as shown i n  f i g u r e  14 would comprise a n  Apollo App l i ca t ion  
c l u s t e r .  
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Figure 13. - Orbital workshop (April 1967 SLA panels attached) 
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O r b i t a l  workshop. - A f l i g h t  conf igu ra t ion  S a t u r n  S I V B  s t a g e ,  w i t h  some 
mod i f i ca t ion ,  w i l l  be used f o r  t h e  o r b i t a l  workshop; a d d i t i o n a l  equipment 
inc ludes  an Ai r lock  Module (AM) and a Mult iple  Docking Adapter (MDA), 
a i r l o c k  is mounted on t h e  forward end of t he  launch v e h i c l e  a t  t h e  luna r  
module a t t a c h  p o i n t s .  
t h e  forward end of t h e  Ai r lock  Module. Figures  15 and 16 f u r t h e r  i l l u s t r a t e  
t h e  system. F igu re  1 7  d e p i c t s  t h e  a scen t  c o n f i g u r a t i o n  and F i g u r e  18 shows 
the  gene ra l  gas flow of t he  launch environmental c o n t r o l  and i n e r t i n g  system. 
A g e n e r a l  weight and performance summary is given i n  Table  13. 

The 

The Mul t ip l e  Docking Adapter i s  r i g i d l y  mounted t o  

SIVB workshop. - The hydrogen tank of t h e  s t a g e  is  a 10,000 cub ic  f o o t  
volume which w i l l  be  converted i n t o  a s h i r t s l e e v e  ze ro -g rav i ty  two-story 
l abora to ry  o r  workshop. The main f l o o r  is devoted t o  l i v i n g  q u a r t e r s  f o r  
t h e  crew and a l abora to ry  and maintenance area which w i l l  be equipped t o  
c a r r y  ou t  v a r i o u s  experiments and maintenance f u n c t i o n s .  S p e c i a l  experiments 
w i l l  be conducted i n  t h e  remainder of t he  volume. The s t a g e  is being 
modified so t h a t  t h e  crew may qu ick ly  convert  t h e  tank t o  t h e  workshop. 
These mod i f i ca t ions  include a 40-inch diameter,  quick-opening ha tch  i n  t h e  
forward end of t h e  tank,  a r i g i d  f l o o r  over t he  common bulkhead, crew q u a r t e r s  
p a r t i t i o n s  and c u r t a i n s ,  and a s t r o n a u t  a i d s  such as n e t s ,  handles  and padding. 

The p r e - i n s t a l l e d  f l o o r  is expected to be metal mesh so t h a t  t h e  flow 
of p r o p e l l a n t  d u r i n g  t h e  launch w i l l  n o t  be hindered.  There w i l l  a l s o  be 
f i t t i n g s  t o  which p a r t i t i o n  segments w i l l  be a t t a c h e d  t o  make i n d i v i d u a l  
compartments f o r  crew q u a r t e r s ,  e x e r c i s e  a r e a s ,  a food p r e p a r a t i o n  and 
s t o r a g e  room, a hygiene and waste management room, a biomedical monitor ing 
area, and a very l a r g e  volume f o r  zero-gravi ty  type experiments.  

A i r l o c k  module (AM). - The a i r l o c k  module is loca ted  a t  t h e  forward end 
of t h e  SIVB s t a g e  w i t h i n  t h e  instrument  u n i t  and t h e  s p a c e c r a f t  lunar  a d a p t e r  
s t r u c t u r e  and i s  a t t a c h e d  t o  t h e  v e h i c l e  a t  t h e  lunar module a t t a c h  p o i n t s .  
The forward end of t h e  a i r l o c k  module w i l l  be r i g i d l y  a t t a c h e d  t o  a m u l t i p l e  
docking adap te r  (MDA). 

The a i r l o c k  module has a 48-50 inch e f f e c t i v e  diameter t unne l  extending 
from t h e  MDA t o  t h e  workshop and i s  supported by four  t r u s s  assemblies .  
Components of t h e  l i f e  support  system and o t h e r  systems are  mounted on t h e  
a i r l o c k  s t r u c t u r e .  

A two gas  (oxygen-nitrogen) l i f e  support  system being planned f o r  the 
workshop w i l l  be c a r r i e d  on the  a i r l o c k  module. Breathing gases  f o r  t h e  
i n i t i a l  AAP 1 & 2 f l i g h t s  w i l l  be c a r r i e d  i n  t h e  a i r l o c k ' s  tanks and the  
system re supp l i ed  f o r  f u t u r e  r e v i s i t s .  

E l e c t r i c a l  power f o r  t he  workshop and command module o p e r a t i o n s  w i l l  be 
provided by t h r e e  systems: f u e l  c e l l s  i n  t h e  s e r v i c e  module (SM), b a t t e r i e s  
i n  the  a i r l o c k ,  and a l a r g e  array of so l a r  c e l l s .  Supplementary l i q u i d  
oxygen and l i q u i d  hydrogen f o r  the se rv ice  module (SM) f u e l  c e l l s  i s  a l s o  
c a r r i e d  on the  a i r l o c k  module (AM). 
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TABLE 13. - EXAMPLE WEIGHT AND 
PERFORMANCE SUMMARY 

Launch Vehicle 

I n j e c t i o n  O r b i t  (n.mi.) 

Payload C a p a b i l i t y  ( l b )  

Payload Weights ( lb)  

SLA 

Nose Cone 

MDA 

Air lock Module 

S o l a r  E l e c t r i c a l  System 

Experiments 

L/V Mods. 

TOTAL PAYLOAD WEIGHT (Ib) 

Payload Margin 

Launch C a p a b i l i t y  

AAP-2 

260 c i r .  

27,900 

4,100 

3,595 

4,100 

1,067 

8,460 

1,927 

2,384 

25,633 

2,267 

27,900 

Mult iple  docking adap te r  (MDA). - The M u l t i p l e  Docking Adapter (MDA) is 
i n s t a l l e d  on the  forward end of t h e  a i r l o c k  module and has p rov i s ions  f o r  
docking f i v e  payloads is shown i n  F i g u r e  15; a l o n g i t u d i n a l  drogue docking 
p o s i t i o n  located on t h e  forward end of t h e  MDA, and four  r a d i a l  p o s i t i o n s ,  
t h r e e  wi th  drogues and one w i t h  a probe. 
t h e  LM/ATM; t h e  drogue p o s i t i o n s  are f o r  CM type dockings.  

The probe p o s i t i o n  accommodates 

The docking adap te r  has a c e n t e r  s e c t i o n  120 inches i n  diameter  and 
seven f e e t  long wi th  four  34-inch diameter  t unne l s  l o c a t e d  90 degrees  a p a r t  
about  t h i s  c e n t e r  tube.  Each t u n n e l  i s  about  20  inches long and c o n t a i n s  CM 
and luna r  module docking elements and a n  Apollo s e a l i n g  ha tch .  

SIVB p a s s i v a t i o n  and a c t i v a t i o n .  - The S a t u r n  SIVB s t a g e  a r r i v e s  i n  o r b i t  
w i t h  some r e s i d u a l  p r o p e l l a n t s ,  a n  a c t i v e  range s a f e t y  system and w i t h  o t h e r  
p o t e n t i a l  hazards t o  a s t r o n a u t  s a f e t y .  P r i o r  t o  t h e  CSM docking t o  t h e  spen t  
s t a g e ,  the range s a f e t y  system w i l l  be d e a c t i v a t e d  by ground command and 
s e q u e n t i a l  ven t ing  of p r o p e l l a n t  r e s i d u a l s  w i l l  be s t a r t e d  by a preprogrammed, 
tape-operated sequencer i n  t h e  Instrument  Unit  ( I U ) ;  t h e  l i q u i d  oxygen tank 
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4 . 
w i l l  be vented f i r s t  followed by the  hydrogen tank .  
i n i t i a t e d  by t h e  Instrument  Unit  (IU) sequencer inc lude  vent ing  of t h e  cold 
helium sphe res ,  ven t ing  of t h e  5 - 2  engine s ta r t  b o t t l e  and ven t ing  of t h e  
5 - 2  engine c o n t r o l  sphere.  A p a s s i v a t i o n  c o n t r o l  pane l  w i l l  be loca ted  i n  
t h e  a i r l o c k  module. This  panel  con ta ins  the c o n t r o l s  t he  a s t r o n a u t s  w i l l  
use  t o  vent  t h e  a u x i l i a r y  propuls ion  pressurant  supply,  Instrument  Unit  a i r  
bea r ing  supply and the  S I V B  c o n t r o l  helium spheres .  Monitoring of  systems 
being vented w i l l  be accomplished by the  a s t r o n a u t s  and by te lemet ry  wi th  
ground vo ice  confirmation t o  t h e  a s t ronau t s .  

Other ven t ing  processes  

A f t e r  a l l  t h e  p o t e n t i a l  hazards have been e l imina ted ,  t he  a s t r o n a u t s  
w i l l  beg in  t a s k s  requi red  t o  make t h e  l i qu id  hydrogen tank a h a b i t a b l e  work- 
shop. A c t i v a t i o n  procedures are planned to  provide maximum s a f e t y ,  economy 
of e f f o r t ,  minimum t o o l s  and minimum time f o r  t h e  a s t r o n a u t s .  Many of t h e  
f e a t u r e s  r equ i r ed  f o r  h a b i t a b i l i t y  such as  f l o o r i n g ,  mobi l i ty  a i d s ,  thermal 
s l e e v e s ,  f i r e  r e t a r d a t i v e  coa t ing ,  var ious  mounting and stowage p rov i s ions ,  
and p r o t e c t i v e  padding, w i l l  be i n s t a l l e d  i n  t h e  tank p r i o r  t o  launch.  

The spen t  s t a g e  w i l l  a l s o  be o u t f i t t e d  w i t h  t h e  necessary equipment 
t o  a l low i t  t o  be s to red  i n  o r b i t  f o r  per iods up t o  s ix  months and then  
be r e v i s i t e d  and r e a c t i v a t e d  f o r  two t o  s ix  month s tay t imes .  The hydrogen 
tank ,  t h e  a i r l o c k  and Mul t ip le  Docking Adapter (unoccupied c l u s t e r )  w i l l  be 
s t o r e d  unpressur ized  i n  o r b i t .  

Add i t iona l  payloads.  - Other payloads may be i n s t a l l e d  on t h e  c l u s t e r  
e i t h e r  i n  a d d i t i o n  t o  o r  i n  l i e u  o f ,  t h e  LM/ATM. The pr imate  experiment 
i s  one such payload and may be 'envis ioned  as a module docked t o  t h e  c l u s t e r  
(Figure 14) o r  as an experiment payload ca r r i ed  as a p a r t  of t h e  c l u s t e r ' s  
"bu i l t - i n"  complement. The fol lowing sec t ion  d i s c u s s e s  the  u t i l i z a t i o n  of 
t h e  c l u s t e r  as a n  o r b i t a l  "base" f o r  t h e  p r i m a t e  experiment.  

VOL VI 49 



. 

Primate Experiment O r b i t a l  Laboratory 

I n t e g r a t i o n  of t h e  primate experiment w i t h  t h e  O r b i t a l  Laboratory concept 
p rev ious ly  desc r ibed  w a s  s tud ied  t o  develop a l t e r n a t e  mission modes f o r  t h e  
O r b i t i n g  Primate Spacecraf t  System. Requirements and c o n s t r a i n t s  were de f ined  
and a l t e r n a t i v e  approaches s tud ied  t o  a r r i v e  a t  s e l e c t e d  mission mode i n  which 
t h e  c l u s t e r  i s  u t i l i z e d  a s  an o r b i t a l  "base". 

Requirements and c o n s t r a i n t s .  - The fol lowing requirements and c o n s t r a i n t s  
were l imited t o  o v e r a l l  c o n f i g u r a t i o n  and i n t e r f a c e  i t e m s .  

(1) General: 

(a) 
o r  mission beyond those  normally experienced i n  o r b i t a l  ope ra t ions .  
example, t h e  p o t e n t i a l s  f o r  i n t roduc ing  contaminants i n t o  t h e  crews env i ron -  
ment, f o r  p re sen t ing  f i r e  o r  b l a s t  haza rds ,  o r  f o r  imposing excess ive  de- 
mands or  c o n s t r a i n t s  on crew t i m e ,  v e h i c l e  a t t i t u d e ,  o r  l o g i s t i c s  o p e r a t i o n s ,  
s h a l l  be minimized. 

The pr imate  experiment s h a l l  no t  impose any hazards  t o  t h e  c r e w  
For 

(b) The pr imate  experiment s h a l l  be compatible wi th  t h e  c l u s t e r  imposed 
experiment requirements ,  g u i d e l i n e s ,  and c o n s t r a i n t s .  

(2) Orb i t ing  P r i m a t e  Spacec ra f t  (OPS). The OPS i s  de f ined  he re  as a s e l f -  
con ta ined ,  o r  semi-self-contained,  u n i t ,  o r b i t e d  by a launch s e p a r a t e  from t h e  
workshop and added t o  t h e  c l u s t e r  as a "modular" element of t h e  system. 

(a) The OPS s h a l l  be e n t i r e l y  capable  of s e l f  support  du r ing  t h e  
per iod from launch t o  achievement of o p e r a t i o n a l  s t a t u s  as a p a r t  of t h e  
c l u s t e r .  Th i s  i nc ludes  such f e a t u r e s  as a t t i t u d e  c o n t r o l  power, and d a t a  
l i n k .  

(b) Spacec ra f t  antenna geometry s h a l l  be compatible w i t h  command 
and d a t a  l i n k  o p e r a t i o n  when t h e  s p a c e c r a f t  i s  a t t a c h e d  t o ' t h e  c l u s t e r  and 
when the s p a c e c r a f t  i s  o p e r a t i n g  unat tached ( eg . ,  p r i o r  t o  docking).  

(c) The OPS s h a l l  be compatible w i t h  t h e  c l u s t e r ' s  s o l a r  o r i e n t a t i o n  
c o n s t r a i n t s .  

(d) The OPS s h a l l  u t i l i z e  t h e  Apollo docking system a t  t h e  OPS/MDA 
i n t e r f a c e .  

(e) The OPS s h a l l  be capable  of being j e t t i s o n e d  i n  an emergency. 

( f )  The OPS s h a l l  be provided w i t h  EVA a i d s  such as hand ra i l s ,  hand 
ho lds ,  e tc .  

(3) P r i m a t e  Experiment Subsystems 

(a) Wet Workshop (launched as an  a c t i v e  boos te r  s t a g e ) .  Equipment 
i n s t a l l e d  in. t h e  H2 tank during launch must be compatible w i t h  l i q u i d  hydro- 
gen. Equipment r e q u i r i n g  access  should be designed f o r  stowage e x t e r n a l  t o  
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t h e  tankage and should be of t h e  modular "plug-in" type  t o  reduce crew 
t i m e  r e q u i r e d  f o r  e r e c t i o n .  
p r o b a b i l i t y  of i n t roduc ing  contaminants i n t o  t h e  crew compartment. 

P a r t i c u l a r  care s h a l l  be taken t o  minimize t h e  

(b) Dry Workshop (launched wi th  experimental  equipment, l i f e  support ,  
e t c . ,  i n s t a l l e d  and checked o u t ) .  Equipment s h a l l  employ a modular des ign ,  
t o  t h e  e x t e n t  p r a c t i c a l ,  f o r  a l l  items f o r  which remove and r e p l a c e  o p e r - '  
a t i o n s  may be expected. P a r t i c u l a r  care  s h a l l  be taken t o  minimize t h e  
p r o b a b i l i t y  of introducing comtaminants i n t o  the  crew compartment. 

A l t e r n a t e  approches. - There are a large number of a l t e r n a t e  approaches f o r  
i n t e g r a t i n g  t h e  primate experiment i n t o  the o r b i t i n g  workshop complex. These 
inc lude  t h e  degree of experiment modularity,  l o c a t i o n  of t h e  experiment i n  t h e  
workshop, methods of i n s t a l l a t i o n  (eg., as a s i n g l e  module or  i n  m u l t i p l e  u n i t s ,  
o r  i n t e r n a l  v e r s u s  e x t e r n a l  i n s t a l l a t i o n s ) ,  and o t h e r s .  The fol lowing d i s c u s -  
s i o n  cons ide r s  p o t e n t i a l  candidate  a l t e r n a t i v e  on a g r o s s  s c a l e  and makes one 
of t h e  concept s e l e c t i o n  c h a r t  i n  i l l u s t r a t i n g  t h e  r a t i o n a l e  f o r  reducing t h e  
l a r g e  number of p o s s i b i l i t i e s  by excluding, by judgement, t h e  less d e s i r a b l e  o r  
imprac t i ca l  p o s s i b i l i t i e s .  This methodology invo lves  c o n s t r u c t i n g  m a t r i c e s  of 
cand ida te s  and then  reducing t h e  number of p o s s i b i l i t i e s  ( t h e  product of t h e  
rows and columns) by recording t h e  judgements used t o  exclude e i t h e r  rows, c o l -  

I 

I 

I 
1 umns, o r  p a r t i c u l a r  i n t e r s e c t i o n s .  Numbers i n  t h e  column/row i n t e r s e c t i o n s  
, r e f e r  t o  t h e  numbered comments o r  d i scuss ion  i n  t h e  t e x t .  

, 
Overa l l  i n s t a l l a t i o n :  Ten gene ra l  groups of a l t e r n a t i v e  approaches may be 

i d e n t i f i e d  f o r  t h e  i n t e g r a t i o n  of t h e  primate experiment i n  t h e  o r b i t a l  c l u s t e r ;  
t h e s e  a r e  g iven  i n  F igu re  19. 
t h e  fol lowing judgements; 

These a l t e r n a t i v e s  can be reduced i n  number by 

(1) The u t i l i z a t i o n  of t h e  workshop as a "dry" payload has  a s m a l l  pro- 
General ground r u l e s  f o r  t h e  workshop are b a b i l i t y  of occurance a t  p r e s e n t .  

t h a t  g round- ins t a l l ed  equipment m u s t  no t  i n t e r f e r e  w i t h  t h e  s t a g e ' s  primary 
f l i g h t  func t ion .  

(2) Requirements f o r  c o m p a t i b i l i t y  with l i q u i d  hydrogen and f o r  mission 
s a f e t y  p rec ludes  t h e  e f f i c i e n t  i n s t a l l a t i o n  of t h e  p r i m a t e s  i n  t h e  workshop 
during launch. 

(3)  Requirements f o r  access  t o  t h e  p r ima tes  a r e  p a r t i c u l a r l y  d i f f i c u l t  t o  
meet i f  t h e  cages are i n s t a l l e d  wi th in  the w e t  tank p r i o r  t o  launch. 
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Figwe 19. - General alternative approaches 

The t h r e e  a l t e r n a t i v e s  which w i l l  be f u r t h e r  considered f o r  t h i s  s tudy are 
therefore:  (1) a s i n g l e  e x t e r n a l  module, (2) subsystems loca ted  both w i t h i n  
and ou t s ide  of t h e  workshop, and (3) subsystems loca ted  e x t e r n a l  t o  t h e  work- 
shop. These a l t e r n a t i v e s  are schemat i ca l ly  i l l u s t r a t e d  i n  Figure 20. 

Docking a l t e r n a t i v e s  ( s i n g l e  e x t e r n a l  module) : The docking event  i s  one 
of t h e  most s i g n i f i c a n t  i n  e s t a b l i s h i n g  t h e  s i n g l e  e x t e r n a l  module des ign ,  
A l t e r n a t i v e s  include docking c o l l a r  a l t e r n a t i v e s ,  docking c o l l a r  i n s t a l l a t i o n  
a l t e r n a t i v e s ,  docked a t t i t u d e  a l t e r n a t i v e s ,  and docking maneuver a l t e r n a t i v e s .  

Docking c o l l a r  a l t e r n a t i v e s :  Docking c o l l a r  ( i . e .  t h e  s t r u c t u r e  and mech- 
anism for  i nco rpora t ing  t h e  Apollo docking system) a l t e r n a t i v e ,  compared i n  
Figure 2 1  include: 

52  

Docking c o l l a r s  which are f i x e d  i n  t h e  OPS s t r u c t u r e .  
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a. Single external 

Subsystem module (examples) 
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external to and 
within the workshop 

Subsystem modules (examples) 

Ex terna I subsystem 
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~ ~~ 

Figure 20. - Alternative installation approaches 
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Fixed 
Docking C o l l a r s  

Docking c o l l a r s  which are movable and may be used t o  r e p o s i t i o n  t h e  
OPS a f t e r  docking. 

Movable Docking 
Co 1 lar s 

Use of t h e  "ex i s t ing"  c o l l a r  f o r  t h e  "Tug" v e h i c l e .  

Use of an a l t e r n a t e  c o l l a r  f o r  t h e  "Tug" v e h i c l e .  These fou r  a l t e r -  
n a t i v e s  are b r i e f l y  examined i n  F igu re  21. 

Fixed c o l l a r s  are, of course,  t o  be p r e f e r r e d  over t h e  movable c o l l a r s  due 
t o  such cons ide ra t ions  as complexity, weight ,  and power. Addit ional  f i x e d  
docking collars w i l l  lead t o  i n c r e a s e s  i n  system weight ,  and f o r  s i d e  mounted 
o r  asymetrical i n s t a l l a t i o n s ,  r e q u i r e  cons ide rab le  s t r u c t u r a l  changes as w e l l .  
A c e n t r a l  l o c a t i o n  on t h e  - X a x i s  where t h e  LiOH can i s  p r e s e n t l y  i n s t a l l e d  
is  t h e  most convenient l o c a t i o n  r e l a t i v e  t o  t h e  e x i s t i n g  des ign ,  f o r  i n s t a l l i n g  
an  a d d i t i o n a l  c o l l a r .  The s t r u c t u r e  w a s  designed f o r  t h i s  contingency. 

Add i t iona l  C o l l a r  No  
I n s  t a1 l a t  i on  Added 

C o l l a r s  

P o s i t  i on  

None F e a s i b l e  

I "  
Use of e x i s t i n g  
Co 1 lar 

lFea?Ie 

Use of an 
A l t e r n a t e  C o l l a r  

F e a s i b l e  
C 

Figure 21. - Docking collar alternatives 
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With a moveable c o l l a r ,  t h e  spacec ra f t  can be pos i t i oned  t o  t h e  b e s t  
advantage f o r  docking r e l a t i v e  t o  v i s i b i l i t y  and docking dynamics; and can 
be r e p o s i t i o n e d  a f t e r  docking; however, t h i s  a l t e r n a t i v e  can c a r r y  s i g n i f i c a n t  
performance p e n a l t i e s .  

U s e  o f  t h e  e x i s t i n g  c o l l a r  f o r  t h e  t u g  v e h i c l e  probably r e q u i r e s  t h e  l e a s t  
mod i f i ca t ions  t o  t h e  primate module and t o  t he  c l u s t e r  s i n c e  it  i s  p r e s e n t l y  
designed f o r  t h i s  funct ion.  A second c o l l a r  or  a s e l f - d o c k i n g - t o - t h e - c l u s t e r  
c a p a b i l i t y  i s  r equ i r ed  i n  a d d i t i o n  however. 

A l t e r n a t e  c o l l a r s  f o r  t h e  tug  permit docking t h e  pr imate  module t o  t h e  
c l u s t e r  a t  t h e  p re sen t  docking c o l l a r  i n t e r f a c e .  This  i n t e r f a c e  c o n t a i n s  a 
docking drogue and t h e r e f o r e  e i t h e r  r e q u i r e s  a "probe" p o s i t i o n  on t h e  c l u s t e r  
o r  a mod i f i ca t ion  t o  t h e  pr imate  module t o  r e p l a c e  t h e  drogue wi th  a probe. 
Since t h e  p r e s e n t  docking i n t e r f a c e  i s  used by t h e  CSM t o  e x t r a c t  t h e  payload 
from launch v e h i c l e ,  t h i s  a l t e r n a t i v e  would (a) r e q u i r e  r e p l a c i n g  t h e  drogue 
wi th  a probe a f t e r  e x t r a c t i n g  the  CSM and u t i l i z e  an EVA mission,  (b) r e q u i r e  
a change t o  the CSM docking system (un l ike ly ) ,  o r  (c) r e q u i r e  a s e l f - s e p a r a t i o n  
system (probably r equ i r ed  f o r  use i n  t he  T i t an  o r  Centaur v e h i c l e s ) .  

The e i g h t  p o s s i b i l i t i e s  i n d i c a t e d  i n  Figure 21 can t h e r e f o r e  be reduced t o  
fou r  by the  following judgements: 

(1) T h i s  a l t e r n a t i v e  i s  probably t o o  complex f o r  c o n s i d e r a t i o n  h e r e  and 
would be t o  r e - p o s i t i o n  t h e  module on t h e  c l u s t e r  and r e q u i r e  a s e l f  docking 
capab i 1 i t y  . 

(2)  The p resen t  c o l l a r  can be used with s e l f  docking. Add i t iona l  c o l l a r s  
not  needed. 

(3) U s e  of t h e  e x i s t i n g  c o l l a r  f o r  the Tug, t oge the r  w i th  a movable c o l l a r  
i s  a p o t e n t i a l  requirement due t o  v i s i b i l i t y  r e s t r i c t i o n s  during docking, but  
i s  a complexity t o  be avoided i f  p o s s i b l e ,  For good d i r e c t  v i s i o n  du r ing  dock- 
ing an asymetrical c o n d i t i o n  f o r  t h e  c los ing  v e l o c i t y  vec to r  and t h e  c e n t e r s  of 
mass i s  i n d i c a t e d ,  y i e l d i n g  l a rge  bending loads a t  t he  docking i n t e r f a c e .  

( 4 )  Use of a movable c o l l a r  f o r  t h e  Tug has  disadvantages s imilar  t o  
(3) above. 

The remaining a l t e r n a t i v e s  t o  be considered are: 

cap ab i 1 it y . a .  Use of t h e  p r e s e n t  docking c o l l a r  t oge the r  w i t h  a rendezvous and dock- 

b. Use of t h e  p r e s e n t  docking c o l l a r  t oge the r  w i t h  a s e l f  docking cap- 
a b i l i t y  only;  rendezvous by tug. 

c. Use of e x i s t i n g  c o l l a r s  f o r  t h e  tug and added c o l l a r s  f o r  t h e  c l u s t e r  
i n t e r f a c e .  

d .  Use of an  a d d i t i o n a l  c o l l a r  f o r  the tug. 

These a r e  i l l u s t r a t e d  i n  Figure 22. 
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Docking c o l l a r  i n s t a l l a t i o n  a l t e r n a t i v e s  : I n  cons ide r ing  the a d d i t i o n  
of another  f i x e d  docking c o l l a r  (moveable c o l l a r s  were shown less a t t r a c t i v e  
i n  t h e  preceeding s e c t i o n )  t o  t h e  p r i m a t e  s p a c e c r a f t ,  a p e r t i n e n t  ques t ion  i s  
where should it be added: A l t e r n a t i v e s  a re  shown i n  f i g u r e  23 .  A l t e r n a t i v e s  
i n d i c a t e d  by t h e  cross-hatched areas a r e  not a p p l i c a b l e  s i n c e ,  by d e f i n i t i o n ,  
docking p r o v i s i o n s  do n o t  e x i s t  f o r  them. Other concepts can be excluded f o r  
t h e  fol lowing r easons  : 

(1) T h i s  concept does n o t  dock 

(2) The coord ina te  a x i s  f o r  docking the Primate s p a c e c r a f t  i n t e r s e c t  
a t  t h e  nominal d e s i g n  cen te r  of g r a v i t y  (at +X = 5 4 . 0 0 ) ;  hence docking motions 
f o r  t h e  concepts i n  column 1 - 7 are inhe ren t ly  a long  a l i n e  through t h e  nominal 
C.G. Design docking d i r e c t i o n  n o t  through t h e  CG are excluded by d e f i n i t i o n .  
Docking d i r e c t i o n s  which a r e  s e l e c t e d  w i t h  t h e  v e l o c i t y  v e c t o r  no t  pas s ing  
through t h e  CG can p l a c e  l a r g e  shear  and moment l o a d s  i n  t h e  s t r u c t u r e  and 
thereby l ead  t o  s i g n i f i c a n t  weight increases .  Such c o n d i t i o n s  should be 
avoided f o r  t h e  nominal case, e s p e c i a l l y  where t h e  docking mechanism i s  loca ted  
wi th  i t s  a x i s  pas s ing  through t h e  CG. When t h e  pr imate  s p a c e c r a f t  i s  a t t ached  
t o  t h e  CSM, t h e  combined CG f a l l s  on t h e  ax i s  b u t  i s  o u t s i d e  t h e  pr imate  
envelope, I n  t h i s  ca se ,  s t r u c t u r a l  loads a r e  imposed by the  CSM which i s  
e f f e c t i v e l y  "cantel ivered" du r ing  s i d e  docking, hence impact v e l o c i t y  should 
be k e p t  s i g n i f i c a n t l y  lower than the  a x i a l  docking case f o r  s u c c e s s f u l  s i d e  
docking a l t e r n a t i v e s .  

re la t ive  t o  a l l  t h r e e  orthogonal axes and does n o t  p a s s  through t h e  CG, i s  
n o t  a good d e s i g n  choice due t o  t h e  asymetry of t he  loads  and the  asymetry 
o f  t he  docking d i r e c t i o n  r e l a t i v e  t o  t h e  tug v e h i c l e ' s  (eg., CSM) body axes.  
While t h i s  a l t e r n a t i v e ,  i n  an abso lu te  sense, may occur as a r e s u l t  of t o l e r -  
ance v a r i a t i o n s  i n  another  arrangement, i t  i s  an  a l t e r n a t i v e  t h a t  should gen- 
e r a l l y  be avoided as a nominal des ign  point .  

A f i x e d  docking mechanism loca ted  i n  t h e  s i d e  i n  t h e  +X +y o r  -tX -y 
quadrants  w i l l  i n t e r f e r e  with cage access  doors and r e q u i r e  s i g n i f i c a n t  changes 
t o  the  d e s i g n  and procedures f o r  l oad ing  the pr imates .  

S i d e  l o c a t e d  docking mechanisms w i l l  exceed t h e  envelope a l lowab les  
f o r  t h e  T i t a n  and Centaur envelopes unless  t h e  docking mechanism i s  r eces sed  
i n t o  t h e  p r ima te  envelope o r  r e t r a c t e d  during launch. 
a r edes ign  o f  t h e  cages however. 

(6) 
c o l l a r  over t h e  main seal  b o l t  c i r c l e , r i n g  o f  t h e  p r e s s u r e  s h e l l  when t h e  CG 
i s  a t  S t a t i o n  X = 58.00 o r  lower. The p resen t  CG i s  a t  S t a t i o n  54.00. These 
a l t e r n a t i v e s  would t h e r e f o r e  r e q u i r e  s i g n i f i c a n t  changes i n  the  p r e s e n t  des ign  
o r  t he  a d d i t i o n  of a movable c o l l a r .  

t h e  +y - z  o r  -y - z  quadrants  i n t e r f e r e  with t h e  cage and recovery capsu le  
geometry and would r e q u i r e  ex tens ive  redesign.  

t h e  p r e s e n t  c o l l a r  f o r  a l l  +X docking. 

(3) Skewed arrangements, where the  docking v e l o c i t y  v e c t o r  i s  skewed 

(4 )  

(5) 

The la t ter  would r e q u i r e  

"On-axis" docking f o r  t h e  y-z plane r e q u i r e s  l o c a t i n g  t h e  docking 

(7) Loca t ion  of t h e  docking c o l l a r  on t h e  -tX s i d e  o f  t h e  s p a c e c r a f t  i n  

(8) Added c o l l a r s  t o  t h e  -tX s i d e  o f  the s p a c e c r a f t  would i n t e r f e r e  w i t h ,  
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Examining f i g u r e  23, t h e  fo l lowing  are p o t e n t i a l  l o c a t i o n s  f o r  t h e  docking 
c o l l a r .  

(a) 

(b) On t h e  f r o n t  (+Z) s i d e  of t h e  s p a c e c r a f t  i n  a p o s i t i o n  above o r  

(c) On t h e  s i d e s  o f  t h e  s p a c e c r a f t ,  below t h e  b o l t  circle.  

These a l t e r n a t i v e s  are shown i n  f i g u r e - 2 4 .  

On t h e  lower s u r f a c e  of t h e  s p a c e c r a f t  (-X s i d e )  w i th  t h e  -X axiss 
p o s i t i o n  p r e f e r r e d ,  

below t h e  p r e s s u r e  s h e l l  b o l t  c i r c l e .  

Docked a t t i t u d e :  The docked r o l l  a t t i t u d e  of t h e  CSM, re la t ive t o  t h e  
coordinated axes of t he  p r i m a t e  s p a c e c r a f t ,  i s  such t h a t  EVA e f f o r t  i s  minimized 
f o r  t h e  removal o f  t h e  animal recovery capsules .  
maintained f o r  c l u s t e r  a p p l i c a t i o n  s i n c e  it may a l s o  be d e s i r a b l e  t o  remove t h e  
pr imates  e a r l i e r  than nominally d e s i r e d ,  i n  case  of an a b o r t ,  f o r  example. Such 
a c o n s t r a i n t  sugges t s  t h a t  t he  b e t t e r  l o c a t i o n s  f o r  any "side" docking a l t e r -  
n a t i v e  as shown i n  f i g u r e  25 would p l a c e  t h e  added docking c o l l a r  on t h e  -Z 
s i d e  of the pr imate  s p a c e c r a f t .  Other l o c a t i o n s ,  i nc lud ing  t h e  more l i k e l y  
-X su r faces ,  r e q u i r e  some kind of v i s i b i l i t y  a i d s  s i n c e  t h e  pr imate  space- 
c r a f t  would b lock  t h e  a s t r o n a u t s '  unaided view of t he  t a r g e t .  The q u e s t i o n  
o f  v i s i b i l i t y  du r ing  docking i s  no t  unique t o  the  p r i m a t e  module, however, 
and considerable  a t t e n t i o n  has been given t o  t h i s  s u b j e c t  by bo th  NASA and 
numerous c o n t r a c t o r s  f o r  t h e  a d d i t i o n  of payloads t o  t h e  c l u s t e r .  Manual and 
automatic  a p p l i c a b l e  systems have been s t u d i e d  and sub jec t ed  t o  s imula t ion ,  
examples inc lud ing  laser and microwave r a d a r s ,  TV w i t h  monitors i n  t h e  CSM 
periscopes,  and mi r ro r  systems. The use of such a i d s  i s  e n t i r e l y  f e a s i b l e .  

This  c o n s t r a i n t  should be 

I n  cons ide r ing  t h e  i n s t a l l a t i o n  of t h e  pr imate  module on t h e  c l u s t e r ,  two 
cons ide ra t ions  are: (1) which docking p o r t ,  and (2) what a t t i t u d e  f o r  t h e  
pr imate  module. A l t e r n a t i v e s  are shown i n  f i g u r e  26. The t h i r t y  p o t e n t i a l  
a l t e r n a t i v e s  shown he re  can be reduced t o  s i x  cand ida te s  by t h e  fol lowing 
l o g i c  (cross-hatched a l t e r n a t i v e s  are n o t  a p p l i c a b l e ) ;  

docking and crew access  p o s i t i o n ,  and as such i s  no t  a v a i l a b l e  t o  docked 
payloads.  

(1) The end docking p o s i t i o n  w i l l  probably be r e se rved  as t h e  CSM main 

(2) Radial No. 1 i s  probably r e se rved  f o r  t h e  Am. 

(3) Radial No. 3 p l a c e s  t h e  p r ima te  module i n  shadow, p rec lud ing  o r  
r e s t r i c t i n g  t h e  use o f  s e l f - con ta ined  s o l a r - p h o t o v o l t a i c  power. The pr imate  
experiment draws about 400 w a t t s  o f  s t eady  s ta te  power wi th  p o s s i b l e  peaks t o  
1.2 Kw. Since t h i s  r e p r e s e n t s  a s i z e a b l e  load on the workshop's power supply 
system, i t  may b e  p a r t i c u l a r l y  d e s i r a b l e  t o  provide the  experiment with i t s  own 
power genera t i n g  capab i 1 i t y  . 
t o  a t t a c h i n g  t h e  module t o  t h e  c l u s t e r .  The reason f o r  t h i s  i s  t h a t  t h e  CSM 
docks a t  t h e  +X i n t e r f a c e  f o r  pr imate  removal when the  s p a c e c r a f t  i s  o p e r a t i n g  
i n  the  independent mode. The p r i m a t e  capsu le s  recovery are c l o s e r  t o  the  MDA 
and some of t h e  h a r d - l i n e  i n t e r f a c e s  are a l r e a d y  loca ted  i n  t h i s  c o l l a r ;  
however, the need f o r  re-docking toge the r  w i th  t h e  n e c e s s i t y  to change e i t h e r  

( 4 )  The use of t h e  +X i n t e r f a c e  r e q u i r e s  a "re-docking" maneuver p r i o r  
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(1) on bottom $ of spacecraft 

(2) on the +z side of the spacecraft. 

(3) on the sides of the spacecraft below the bolt circle 

Figure 24. - Docking collar location alternatives 
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Figure 25. - Radial docking using CSM 
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t h e  MDA t o  accommodate a "probe" o r  t o  change t h e  drogue t o  a probe on t h e  
p r i m a t e  s p a c e c r a f t  makes t h i s  al ternative less d e s i r a b l e  than d i r e c t  docking 
a t  t h e  -X su r face .  

Three a l t e r n a t i v e s  t h e r e f o r e  appear t o  b e  most l i k e l y  f o r  e i t h e r  of t h e  

(a) Dock t o  the -X s u r f a c e  of t h e  s p a c e c r a f t  

(b) 

(c) 

r a d i a l  docking i n t e r f a c e s  loca t ed  90' from t h e  mean sun- l ine :  

Side dock wi th  a t r a n s v e r s e  o r i e n t a t i o n  

Side dock w i t h  a l o n g i t u d i n a l  c o n f i g u r a t i o n  

Docking maneuver a l t e r n a t i v e s .  - Another q u e s t i o n  r e l a t e d  t o  docking is  t h e  
mechanism f o r  e f f e c t i n g  the  maneuver. Four b a s i c  a l t e r n a t i v e s  a r e  a s  fol lows:  

(1) Manned tug 

(2) Unmanned t u g  

(3) Manned s e l f - c o n t a i n e d  

(4) Unmanned se l f - con ta ined .  

The manned t u g  func t ion  could be provided by t h e  CSM, by the  Gemini 
s p a c e c r a f t ,  o r  by va r ious  space work platforms o r  space t a x i e s  such a s  those 
r e c e n t l y  s tud ied  by Bendix, B e l l ,  Chrysler ,  and o t h e r s .  Such a tug  would 
take the s p a c e c r a f t  t o  the c l u s t e r  and guide i t  through the docking maneuver. 
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The unmanned tug func t ions  could be provided by such v e h i c l e s  as the  
B e l l  Dual Maneuvering Unit (DMU) which could be based on t h e  c l u s t e r  and 
remotely c o n t r o l l e d  t o  " r e t r i eve"  the  primate module and dock i t  t o  t h e  MDA. 
P r e s e n t  p r o p e l l a n t  capac i ty  of t h e  DMU would probably have t o  be inc reased ,  
however. 

The manned-self-contained a l t e r n a t i v e  would provide f o r  "on-board" 
a s t r o n a u t  c o n t r o l  w i th  a l l  motive power being provided by t h e  s p a c e c r a f t .  
The p r ima te  s p a c e c r a f t  could be equipped w i t h  a s u i t a b l e  crew system i n t e r -  
f a c e ,  such as a r e s t r a i n t  harness  and c o n t r o l  p o s i t i o n  similar t o  t h a t  of 
t h e  B e l l ,  DMU o r  t h e  Astronaut  Maneuvering Un i t .  

The f o u r t h  a l t e r n a t i v e ,  t h e  unmanned-self-contained concept ,  i s  one i n  
which t h e  pr imate  s p a c e c r a f t  i s  capable  of performing t h e  e n t i r e  docking 
maneuver unaided; excep t ,  perhaps,  f o r  remote c o n t r o l  as i l l u s t r a t e d  i n  
f i g u r e  27. To implement t h i s ,  a d d i t i o n a l  a t t i t u d e  c o n t r o l  and t r a n s l a t i o n  
c a p a b i l i t i e s  must be provided - l a r g e r  a t t i t u d e  c o n t r o l  t h r u s t e r s  f o r  f a s t e r  
response and a d d i t i o n a l  j e t s  f o r  t h r e e  a x i s  t r a n s l a t i o n .  

A l l  of t h e s e  a l t e r n a t i v e s  are p o t e n t i a l  candidates  r e q u i r i n g  f u r t h e r  s tudy .  

Resupply and re-use.  - Resupply and re-use i s  an a t t r a c t i v e  a l t e r n a t i v e  
f o r  such experiment hardware as t h a t  examined f o r  t he  pr imate  s p a c e c r a f t .  
With t h e  a v a i l a b i l i t y  of "on-board" maintenance, r e p a i r ,  and mod i f i ca t ion  
by t h e  c l u s t e r  crew, t h e  p o s s i b i l i t y  of r e f u r b i s h i n g  t h e  module f o r  con- 
t i nued  o r  replacement experiments i n  a con t ro l l ed  earth-normal (except f o r  
g r a v i t y  and r a d i a t i o n )  environment is worthy of c a r e f u l  c o n s i d e r a t i o n .  An 
examination of t h e  p re sen t  s p a c e c r a f t  s y s t e m s  i n d i c a t e  t h a t  such r e -use  is 
e n t i r e l y  f e a s i b l e  i n  a l l  bu t  one a r e a :  waste management. Expendables 
tankage (0 N , & w a t e r )  can be r e a d i l y  r e f i l l e d  by e i t h e r  a n  EVA, o r  IVA,  
or  by r o u t i n g  $he plumbing t o  the docking c o l l a r  a t  t h e  MDA i n t e r f a c e .  
Equipment modules, b a t t e r i e s ,  LiOH c a n i s t e r  and o the r  such i t e m s  can be 
removed and replaced by EVA through t h e  e x i s t i n g  access  pane l s  and doors .  
Waste, however, i s  a p a r t i c u l a r  problem; t h e  p r e s e n t  system has no pro- 
v i s i o n s  f o r  a s t r o n a u t  c leaning o r  r ep lac ing  of t he  waste c o l l e c t i o n  and 
t r ea tmen t  equipment i n  o r b i t .  

2 '  

Addi t ion  of t h i s  c a p a b i l i t y  would r equ i r e  e i t h e r  a r edes ign  of t he  
u n i t  o r  a d e s i g n  p o i n t  of a longer du ra t ion .  For example, t h e  waste 
c o l l e c t i o n  sc reens  could be designed for  two o r  t h r e e  y e a r s  of o p e r a t i o n  
i f  t h e  presence of o lde r  material d i d  not degrade t h e  experiment d a t a  of 
more r e c e n t  tests.  Such an  approach would r e q u i r e  s i g n i f i c a n t l y  l a r g e r  
s c r e e n s  however, s i n c e  t h e i r  c a p a c i t y  v a r i e s  d i r e c t l y  w i t h  t h e  area of t h e  
sc reen .  A s  an  a l t e r n a t i v e  t h e  s c r e e n s  could be designed as removable, 
throwing away, i t e m s  and be replaced i n  space by new u n i t s  brought up by 
t h e  l o g i s t i c  v e h i c l e s  or  c a r r i e d  i n  t h e  workshop. 

Candidate o r b i t a l  l abo ra to ry  conf igu ra t ion .  - One of t he  more a t t r a c t i v e  
a l t e r n a t i v e s  f o r  adding t h e  pr imate  experiment t o  t h e  o r b i t a l  workshop i s  - 
i l l u s t r a t e d  i n  f i g u r e  28. The LiOH c a n i s t e r  has  been r ep laced  w i t h  a-docking 
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Figure 27. - Remote control docking by OPS 
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mechanism and t h e  module a t t ached  t o  t h e  MDA a t  one of t h e  r a d i a l  docking 
p o r t s  loca ted  90" from t h e  sun l i n e .  
t he  e x i s t i n g  des ign  a s  follows: 

This  a l t e r n a t i v e  r e q u i r e s  changes t o  

(1) L i f e  support  and environmental  con t ro l :  Reloca te  e x i s t i n g  L i O H  
c a n i s t e r  and r e p l a c e  wi th  two u n i t s  loca ted  i n  t h e  unpressur ized  bays.  The 
u n i t s  w i l l  probably r e q u i r e  t h e  a d d i t i o n  of a h e a t e r .  

(2 )  S t r u c t u r e  and mechanical: S t rengthen  t h e  c y l i n d r i c a l  s t r u c t u r e  
prev ious ly  loca ted  around the  L i O H  can by inc reas ing  the  material gage from 
the  present  .04 t o  about .09 and add s t i f f e n e r s  as r equ i r ed .  Replace t h e  
machined r i n g  previous ly  suppor t ing  t h e  L i O H  can w i t h  one configured t o  t h e  
requirements of  t he  docking probe and l a t c h e s .  Delete t h e  p re sen t  s o l a r  
panels  and a s soc ia t ed  mechanism. Move antenna deployment mechanisms t o  t h e  
y - z plane.  

( 3 )  Ins t rumenta t ion  Subsystem: Add i n t e r f a c e  f o r  h a r d l i n e  t o  workshop 
d a t a  system, and r e l o c a t e  antennas.  

(4 )  Command and Control:  Add h a r d l i n e  t o  workshop. 

(5) E l e c t r i c  Power and Cabling: Inc rease  b a t t e r y  capac i ty  t o  power 
experiment u n t i l  docked t o  the  workshop. Add h a r d l i n e  connect ion t o  work- 
shop power s u b s t a t i o n  i n  t h e  MDA. 

( 6 )  A t t i t u d e  cont ro l :  Off load tankage as r equ i r ed .  

I n  a d d i t i o n  t o  these  modi f ica t ions  and changes t h e  fol lowing should be 
considered: 

(1) The pr imates  can be d i r e c t l y  observed by crew i n  t h e  MDA. To 
f a c i l i t a t e  t h i s ,  s e v e r a l  a l t e r n a t i v e s  are p o s s i b l e .  For example, a per i scope  
can be housed i n  a p re s su re  t i g h t  tube  which ex tends  "upward" from t h e  lower 
bulkhead between t h e  cages t o  a p o s i t i o n  where t h e  per i scope  head can s e e  
d i r e c t l y  i n t o  t h e  cages through a t r anspa ren t  s e c t i o n  of t h e  s l e e v e .  Af t e r  
t he  primate module i s  docked and t h e  probe and drogue removed, t he  per i scope  
can be extended i n t o  the  MDA f o r  d i r e c t  obse rva t ion  o r  photography by t h e  
crew. When the  per i scope  i s  no t  used,  i t  can be  " r e t r ac t ed"  i n t o  i t s  hous- 
ing  and t h e  docking p o r t  ha tch  c losed  t o  main ta in  the  p re s su re  i n t e g r i t y  of 
t he  MDA. Other techniques us ing  m i r r o r s ,  l i g h t - p i p e s ,  c losed c i r c u i t  TV, 
e t c .  can a l s o  be considered.  

(2)  A l l  hard l i n e  i n t e r f a c e s  can be completed i n  a s h o r t  s l eeve  environ- 
ment by loca t ing  t h e  connect ions i n  t h e  docking c o l l a r .  I n  a d d i t i o n ,  f i l l  
and d r a i n  l i n e s  can be loca ted  he re  f o r  refurbishment  d i r e c t  from t h e  MDA 
i n t e r i o r  or t o  provide t h e  crew w i t h  emergency access  t o  t h e  s to red  gasses  
and water as a backup contingency system. 
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(3 )  The pr imate  module can probably be equipped w i t h  s o l a r  pane ls  which 
f ace  the  sun "between" the  pane ls  of t h e  ATM. Th i s  w a s  of doub t fu l  p o s s i b i l i t y  
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w i t h  e a r l y  ATM s o l a r  panel conf igu ra t ions ;  however, t he  "windmill" con- 
f i g u r a t i o n  shown on more r e c e n t  o r b i t a l  workshop concepts should be com- 
p a t i b l e  w i t h  t h i s .  The Primate s o l a r  a r r ay  f o r  t h i s  a p p l i c a t i o n  w i l l ,  of 
course,  be d i f f e r e n t  from t h a t  p r e s e n t l y  shown. 

( 4 )  Antenna conf igu ra t ions  are t o  be determined such t h a t  t h e  primate 
SIC does n o t  i n t e r f e r e  wi th  workshop's p a t t e r n s .  

(5) Regarding s a f e t y ,  t h e  pr imate  module w i l l  no t  impose any s e r i o u s  
t h r e a t  t o  t h e  workshop i n t e r i o r  from leakage i n t o  t h e  MDA. Th i s  can be 
c o n f i d e n t l y  s t a t e d  s i n c e  i t  i s  e n t i r e l y  f e a s i b l e  t o  ven t  t h e  docking c o l l a r  
t o  space w i t h  t h e  MDA hatch s e a l e d .  When t h e  hatch i s  opened, t h e  r i s k  i s  

i n t o  t h e  lower bulkhead can be confined t o  t h e  space o u t s i d e  of t h e  docking 
c o l l a r ;  a pe r i scope  (or similar pene t r a t ion )  can be housed i n  a sea l ed  
s l e e v e  which can ven t  t o  space through a b u r s t  diaphram should a p o t e n t i a l l y  
hazardous l eak  develop. F u r t h e r ,  t h e  module can be p y r o t e c h n i c a l l y  sepa ra t ed  
from the  c l u s t e r  by a t t a c h i n g  t h e  docking c o l l a r  l a t c h  r i n g  t o  t h e  module 
wi th  a V-Band clamp as desc r ibed  i n  Volume 111. 

, s t i l l  s a t i s f a c t o r i l y  small s i n c e  t h e  p re s su re  s h e l l  f i t t i n g  p e n e t r a t i o n s  

(6) The pr imate  module w i l l  a l s o  r e q u i r e  a d d i t i o n a l  thermal  i n s u l a t i o n  
due t o  t h e  c l o s e  proximity of t h e  MDA thermal r a d i a t o r .  

Example mission ope ra t ion .  - I n  t h i s  example, t h e  o r b i t a l  workshop i s  
launched a s  t h e  second of four  Apollo Applicat ions f l i g h t s  and uses  t h e  
Uprated S a t u r n  I launch v e h i c l e .  

I The f i r s t  f l i g h t  (AAP-1) of t h e  example mission i s  the  launch of a manned 
s p a c e c r a f t  and the  primate experiment i n t o  a 100 n .  m i l e  c i r c u l a r  parking 
o r b i t  where the  primate experiment i s  prepared f o r  i n s t a l l a t i o n  on the  work- 
shop. 

AAP-2, which includes t h e  spen t  SIVB s t a g e ,  an A i r l o c k  Module, and a 
Mul t ip l e  Docking Adapter, w i l l  t hen  be d i r e c t l y  i n j e c t e d  i n t o  a 260 n.  m i l e  
c i r c u l a r  o r b i t .  A f t e r  achieving o r b i t ,  the  SIVB r e s i d u a l  p r o p e l l a n t s  w i l l  
be dumped and t h e  a t t i t u d e  of t h e  veh ic l e  w i l l  be s t a b i l i z e d .  

F l i g h t  of t he  f i r s t  payload i n  t h e  100 n .  m i l e  o r b i t  and t h e  second 
one i n  t h e  260 n .  m i l e  o r b i t  w i l l  continue f o r  o r b i t a l  phasing.  
phasing has  been achieved, t he  AAP-1 s e r v i c e  p ropu l s ion  system w i l l  be 
f i r e d  t o  i n i t i a t e  a rendezvous, f i g u r e  29, w i t h  t h e  spen t  SIVB s t a g e  a t  
260 n. m i l e s .  

When proper 

The pr imate  experiment w i l l  then be docked t o  t h e  m u l t i p l e  docking 
adap te r  (MDA) and the  CSM subsequently separated from t h e  pr imate  experiment 
and a l s o  docked t o  t h e  m u l t i p l e  docking adap te r  (MDA) as i l l u s t r a t e d  i n  
f i g u r e  30. C r e w  members w i l l  then move t o  t h e  a i r l o c k  module t o  begin 
p repa r ing  the  o r b i t a l  workshop f o r  occupancy and experiment o p e r a t i o n .  
Normal o p e r a t i o n ,  i nc lud ing  rest and duty c y c l e s ,  w i l l  be conducted f o r  
t h e  remainder of t h e  open ended mission of up t o  28 days.  On t h e  l a s t  day 
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Figure 29. - OPS transfer by CSM 
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Figure 30. - Completed docking 
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t h e  SIVB workshop, mul t ip l e  docking adap te r  and t h e  a i r l o c k  w i l l  be prepared 
f o r  i n - o r b i t  s to rage  and the  pr imate  experiment prepared f o r  unattended 
opera t ion .  Af t e r  completing t h i s  t a s k ,  t he  Apollo s p a c e c r a f t  w i l l  undock 
from the  c l u s t e r  and the  crew w i l l  r e t u r n  t o  e a r t h  t o  complete t h e  f i r s t  
phase of t h e  c l u s t e r  mission.  

From t h r e e  t o  s ix  months a f t e r  AAP-1 s p a c e c r a f t  r e t u r n s ,  t he  c l u s t e r  
mission w i l l  be continued w i t h  t h e  launch of t he  t h i r d  upra ted  S a t u r n  I .  
The payload, c o n s i s t i n g  of a manned Apollo CSM, w i t h  e x t r a  expendables,  
would be i n s e r t e d  i n t o  a low a l t i t u d e  parking o r b i t .  Approximately one day 
l a t e r ,  t h e  AAP-4 payload ca r ry ing  a lunar  module a s c e n t  s t a g e  and t h e  Apollo 
Telescope Mount and experiments ,  would be launched and d i r e c t l y  i n j e c t e d  
i n t o  a c i r c u l a r  o r b i t  approximately 20 m i l e s  below and coplanar  w i t h  the  
o r b i t i n g  workshop. 
Module/Apollo Telescope Mount and de tach  t h e  LM/ATM from the  launch v e h i c l e .  
The CSM propuls ion  system would then  be used t o  perform t h e  t e rmina l  phase 
maneuvers f o r  rendezvous wi th  t h e  s t i l l - o r b i t i n g  workshop. Upon rendezvous,  
crewmen w i l l  t r a n s f e r  t o  t h e  lunar  module t o  a c t i v a t e  i t ,  undock from the  
CSM and proceed t o  dock t o  t h e  workshop. 

The Apollo CSM would rendezvous and dock wi th  the  Lunar 

C r e w  a c t i v i t i e s  and experiment ope ra t ions  would be performed f o r  up t o  
56-days and approximately two days p r i o r  t o  the  l a s t  day, the  workshop, t h e  
lunar  module, and the  Apollo Telescope Mount would be prepared f o r  i n - o r b i t  
s to rage  and t h e  pr imate  experiment a g a i n  prepared f o r  unattended ope ra t ion .  
On the  l a s t  day, o r b i t a l  f l i g h t  w i l l  be cont inued u n t i l  t h e  p o s i t i o n  of AAP-3 
spacec ra f t  i s  appropr i a t e  f o r  r e -en t ry .  The s p a c e c r a f t  p ropuls ion  system 
w i l l  be f i r e d  t o  provide t h e  r equ i r ed  r e t r o  impulse.  The command module 
(CM) w i l l  be  separa ted  from t h e  s e r v i c e  module (SM), s t a b i l i z e d  f o r  r e -  
e n t r y  and recovered.  

About one year  a f t e r  t h e  launch of AAP-1, a f i f t h  AAP launch, c o n s i s t i n g  
of a n  Apollo CSM and a d d i t i o n a l  experiments and expendables,  w i l l  re-man 
t h e  workshop. P r i o r  t o  r e t u r n ,  t h i s  crew w i l l  recover  t h e  pr imates  toge ther  
w i t h  specimens and d a t a  f o r  r e t u r n  t o  t h e  e a r t h .  

Modular OPS e x t e r n a l  and i n t e r n a l  t o  workshop. - I n  a d d i t i o n  t o  docking 
the  complete OPS t o  t h e  MDA, ( f G u r e  31A) t h e  pr imate  experiment could be 
packaged i n  modular form and mounted before  launch around t h e  workshop 
a i r l o c k  and i n t e r n a l  t o  t h e  workshop i t s e l f .  F igu re  3 1  B shows t h i s  concept .  
The main l i f e  c e l l  s t r u c t u r e  i s  secured t o  t h e  e x t e r n a l  s k i n  of t he  a i r l o c k  
and the  support  equipment ( e l e c t r o n i c s ,  plumbing and a i r  f a n s ,  hea t  ex- 
changers,  e tc . )  are grouped i n  c l o s e  proximity t o  t h e  l i f e  c e l l s .  Atmosphere 
gases  (0 & N ) are s t o r e d  i n  p re s su re  b o t t l e s  i n s i d e  the  S I V B  hydrogen 
tank.  T i i s  concept d i c t a t e s  t h a t  whi le  t h e  experiment i s  launched wi th  
expendibles on board,  t h e  pr imates  w i l l  be i n s t a l l e d  a f t e r  t h e  workshop i s  
placed i n  e a r t h  o r b i t  and the  system checked o u t  f o r  proper  ope ra t ion .  

2 

Modular OPS e x t e r n a l  t o  workshoe. - I f  i n  a d d i t i o n  t o  t h e  b a s i c  l i f e  
c e l l s  a l l  of the  experiment suppor t  equipment i s  loca ted  e x t e r n a l  t o  t h e  
workshop module, t he  pr imates  may be i n s t a l l e d  before  launch. This  concept 
i s  shown i n  f i g u r e  3 1  C.  I n s t a l l i n g  t h e  pr imates  before  launch s i m p l i f i e s  
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t h e  placing of t h e  modules and does no t  r e q u i r e  a s t r o n a u t  p a r t i c i p a t i o n  t o  
a c t i v a t e  the experiment.  On the  o the r  hand, a launch and o r b i t  i n s e r t i o n  
wi th  a non-functioning experiment (no pr imates  on board) prec ludes  p o s s i b l e  
pr imate  i n j u r y  du r ing  an un res t r a ined  launch. This  concept would r e q u i r e  
t h a t  t he  pr imates  be brought up i n t o  o r b i t  i n  a CSM resupply  v e h i c l e  and 
in se r t ed  i n t o  t h e  l i f e  cages through p a r t s  i n  t h e  a i r l o c k  w a l l .  The p r i -  
mates could be launched i n  recovery type capsules  conta in ing  t h e i r  own 
atmospheres so t h a t  a s t r o n a u t s  w i l l  no t  come i n  d i r e c t  contac t  w i th  the  
animals or t h e i r  atmospheres. 

I n  e i t h e r  concept ,  B o r  C shown on f i g u r e  31,  once t h e  experiment has, 
been s t a r t e d ,  no f u r t h e r  a s t r o n a u t  a c t i v i t y  w i l l  be r equ i r ed .  However, 
a s t ronau t  monitor ing of both the  pr imates  through parts i n  the  a i r l o c k  wall  
and experiment subsystem is e n t i r e l y  f e a s i b l e .  The experiment w i l l  only 
r e q u i r e  e l e c t r i c  power from the  workshop and communication t i e  i n t o  the  STUB 
telemeter  system i f  t he  OPS communication system i s  no t  i n s t a l l e d .  

Of a l l  t he  concepts o u t l i n e d  above, subsystem modules mounted e x t e r n a l  
t o  t h e  workshop wi th '  t h e  pr imates  i n s t a l l e d  before  launch appears  t o  o f f e r  
t he  l e a s t  complicat ion and is  the  p re fe r r ed  method. 

U t i l i z a t i o n  of OPS subsystems i n  SIVB workshop. - The Orb i t ing  Primate 
Spacec ra f t ' s  L i f e  Support Subsystem as p r e s e n t l y  designed c o n s i s t s  of a group 
of subassemblies capable  of suppor t ing  two 13 pound pr imates  f o r  per iods  of 
up t o  one yea r  i n  the  space environment. With e l e c t r i c  power suppl ied  and 
waste heat  removed from t h e  var ious  components, t h i s  s y s t e m  w i l l  f unc t ion  
independently fo r  up t o  one year  t o  provide a con t ro l l ed  atmosphere, food,  
and water t o  t h e  experimental  animals .  
i s  i d e a l l y  s u i t e d  f o r  i n s t a l l a t i o n  as a se l f - con ta ined ,  independently 
opera t ing  e n t i t y  i n s i d e  t h e  Sa tu rn  SIVB Workshop. 

The OPS L i f e  Support  Subsystem 

A s  now designed,  t h e  SIVB tankage c a r r i e s  a minimum of modi f ica t ion  t o  
enable  i ts  u s e  as a manned workshop a f t e r  p l ac ing  i t s e l f  i n  o r b i t .  These 
modi f ica t ions  c o n s i s t  of :  

I. A l a r g e r  en t r ance  hatch i n  t h e  domed end. 

2.  Bracketry welded on t h e  i n t e r i o r  tank  w a l l s .  

The enlarged en t rance  ha tch  w i l l  accommodate any bulky material t h a t  
w i l l  be placed i n s i d e  the  s t a g e  a f t e r  t h e  p r o p e l l a n t  i s  exhausted,  and t h e  
bracke t ry  w i l l  be used t o  secure  t h i s  hardware once it i s  i n s i d e .  A t  p re sen t ,  
i t  is planned t o  p a r t i t i o n  the  empty s t a g e  i n t o  a l abora to ry  a r e a  and a 
crew l i v i n g  a r e a .  Af t e r  t h e  cons t ruc t ion  work is  completed, a n  a i r l o c k  
module (AM) and mul t ip l e  docking adap te r  (MDA) w i l l  be maneuvered i n t o  p l ace  
over the ha tch  and the  e n t i r e  assembly p res su r i zed  wi th  a l i f e  suppor t ing  
atmosphere. 

During ope ra t ion  of t h e  workshop, a three-man crew us ing  an  Apollo 
CSM w i l l  dock w i t h  t h e  o r b i t i n g  s t a g e ,  pass  through the  a i r l o c k  and spend 
t i m e  performing t a s k s  i n s i d e  the  spen t  hydrogen tank .  It  i s  expected t h a t  
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t he  o r b i t a l  l i f e  t i m e  of t h e  workshop w i l l  be one year o r  more depending on 
the  number of resupply miss ions ,  meteoroid damage, e t c .  However, it i s  not  
expected t h a t  any one man w i l l  spend any where near  a f u l l  year  i n  t h e  
l abora td ry  dur ing  i ts  f i r s t  year i n  o r b i t .  I n  a l l  p r o b a b i l i t y ,  s e v e r a l  CSM 
resupply  missions w i l l  be flown dur ing  the f i r s t  year  w i t h  a n  a s t r o n a u t  
spending from two weeks t o  s e v e r a l  months i n  t h e  workshop and then  r e t u r n i n g  
t o  e a r t h  as  a crew member of t h e  next  CSM resupply  v e h i c l e .  

Immediately a f t e r  SIVB workshop assembly and commission, a complete 
OPS L i f e  Support  Subsystem could be t ranspor ted  t o  o r b i t a l  a l t i t u d e ,  passed 
through t h e  a i r l o c k  and i n s t a l l e d  i n s i d e  the  workshop p res su re  s h e l l .  The 
components of t h e  subsystem would be modularized i n t o  s i z e s  compatible w i t h  
t h e  40” diameter  of t he  a i r l o c k  and hatch du r ing  the  t r i p  from t h e  e a r t h .  
Assembly and checkout would t ake  p lace  ins ide  t h e  workshop under s h i r t s l e e v e  
condi t ions  wi th  t h e  assembled u n i t  being fas tened  t o  b racke t s  a l r e a d y  in-  
s t a l l e d  i n  the  p re s su re  s h e l l  on e a r t h .  

Only two b a s i c  modi f ica t ions  t o  t h e  OPS L i f e  Support  Subsystem would 
be r equ i r ed .  F i r s t ,  a l i g h t  b i o l o g i c a l  b a r r i e r  would be  i n s t a l l e d  around 
the  subsystem ( inc luding  animal cages) s o  t h a t  complete s e p a r a t i o n  of  pr imate  
atmosphere and workshop atmosphere would be a s su red .  And second, e s s e n t i a l  
s e r v i c e  connect ions ( e l e c t r i c  power, communications l i n k s  t o  e i t h e r  SIVB 
antennas  o r  SIVB te lemet ry  and vacuum vents)  would be r equ i r ed .  
case  of communication, e i t h e r  t h e  complete OPS command and te lemet ry  sub- 
system could be used and simply t i e d  i n t o  t h e  SIVB antennas  or  t he  OPS 
senso r s  could be t i e d  d i r e c t l y  i n t o  t h e  S I V B  communications system. 

I n  the  

I 
During ope ra t ion  when t h e  OPS L i f e  Support Subsystem is being used t o  

suppor t  e i t h e r  pr imates  or  o the r  animals ,  t h e  u n i t  would be completely 
s e l f  s u s t a i n i n g  as long as e l e c t r i c  power was suppl ied .  I f  an animal  
change was r equ i r ed  dur ing  a tes t ,  a s i m p l e  device  similar t o  t h e  OPS 
recovery capsu le  could be used t o  make t h e  t r a n s f e r  wi thout  contaminating 
t h e  workshop atmosphere. 

The a b i l i t y  t o  monitor and make i n f l i g h t  ad jus tments  and changes t o  t h e  
experiment o f f e r s  a s t rong  incen t ive  fo r  i n t e g r a t i o n  i n t o  t h e  SIVB workshop. 
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